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EXECUTIVE SUMMARY 
Laboratory tests and field investigations are performed to determine soil properties which are used 
in research, planning, design, and construction phases of highway and other engineering projects. Data 
from these tests and investigations are often either discarded or filed and stored so as to be essentially 
lost when the project is completed. If this data could be saved, collected, stored in a central file, and 
retrieved as desired, it could be used to develop preliminary sources of information for future site 
investigations, to prepare regional maps or data summaries for land use planning, and for investigating 
empirical relationships involving soil characteristics, properties, and behavior. 
This report describes the development of a computerized soils data system (SODS) for use in 
Kentucky; included is a coding system for storing and retrieving soils data. The soils data system is 
divided into collection, storage, and retrieval subsystems. Benefits of a comprehensive data system available 
to various agencies would be: 
I. The capability of expeditiously retrieving a comprehensive listing or summary of available soils 
information for a specific geographic or subject area would lower preliminary planning and 
research costs. 
2. Development of new ideas and more productive research in realizing empirical relationships 
and correlation of soil properties to regional boundaries could be achieved. 
Regional approaches to soil characteristics have been demonstrated to be valid for Kentucky. Land 
resource planning is a recent example where this regional approach could be used and is expected to 
become increasingly important. A soils data system would supply sufficient data to statistically correlate 
various soil characteristics and properties with each other and with the performance of standard soil 
types. Other examples of uses for a soils data system are given in this report. Research studies where 
soil characteristics and properties have been correlated are also referenced and discussed. 
A data system is a type of information system. To design a system for soils data collection, storage, 
and retrieval, various types of information storage and retrieval systems were reviewed. Most important 
in designing an information retrieval system is determining user requirements. Other factors considered 
included simplicity, equipment costs, flexibility of vocabulary, availability, operating costs, search speed, 
total output speed, flexibility of output, direct access to information, and ease of updating. Various 
types of storage media and file management systems are discussed in this report. A computerized system 
was determined to be the best method for storing, manipulating, and systematically retrieving data in 
large data files. 
The primary users of this system will be the Research and Materials Divisions of the Kentucky 
Bureau of Highways. The Division of Research will manage the system and initially provide the service 
of retrieving data when requested by other agencies. The Division of Materials will have direct access 
and may retrieve data themselves or request information through the Division of Research. Other potential 
u'sers include the Soil Conservation Service and other agriculturally oriented agencies, universities with 
engineering departments, agencies involved in land use planning, the Kentucky Department of Commerce, 
other divisions of the Department of Transportation, and private consulting firms. Each agency will initially 
request information through the Division of Research. Contributors of data might include the Divisions 
of Research and Materials, consulting engineers, Soil Conservation Service, and other agencies that have 
a file of soils data or that do testing and will supply information for the system. 
Data will be coded on forms by the contributor or by the Division of Research. Most information 
will be stored on magnetic tape. Some data, at least in the early stages of system implementation, are 
not compatible to computer coding and st\)rage. Data sheets containing these data will be stored in 
a file cabinet where it can be referred to by the computer system. The system should be reevaluated 
periodically and the file cabinet data coded and computerized when appropriate. 
A file containing up-to-date lists of all codes and coding instructions for each attribute will be 
maintained in both a notebook and in computer storage for easy reference. Most importantly, identification 
numbers will be assigned to each sample record entered into the system. 
A generalized computer data base management system, MARK IV, was chosen for managing the 
computer file. The file was sequentially structured, however, and can be queried using conventional 
programming languages. 
The soils data system designed in this study should be only a base from which to improve and 
expand to meet needs of the future. The design of such a system can only be judged after it has been 
used for a time. The amount and efficiency of use depends on steps taken to implement the system. 
The most important phase of implementation is the education of users and potential users of the system. 
Potential users should be made aware that the system exists and of the ways in which they could use 
it. The file structure, the storage media, the file definition, the types of data to be collected, and the 
number or types of users are all subject to change with time and should be constantly reevaluated. 
During the literature review and the development of this soils data system, the following potential 
uses for the stored soils data were conceived: 
1. preparation of a map showing locations for which data is available, 
2. preparation of maps showing locations of good and poor construction materials or performance, 
3. correlation studies of Kentucky soils which might include 
A. permeability verses index tests results, 
B. optimum moisture content verses index tests results, 
C. CBR versus plasticity index, 
4. preparation of maps correlating soil properties to regional boundaries. 
Other recommendations are that the Division of Research do the following: 
1. work with the U.S. Soil Conservation Service in their efforts to implement a national file of 
pedon data, 
2. create a computer file similar to information retrieval systems to store contents of soils reports 
written on Kentucky soils, 
3. support a national or regional conference for discussion of soils and rock data systems to include 
standardization of coding systems for exchange of information, 
4. study the possible uses and limitations of a working file similar to SODS to be used in the 
design phase of active projects (for example, can the data from boreholes be stored in the 
computer and the soil profile sheets for plans be completely prepared by the use of a computer 
program?), 
5. support or initiate a system for locating points on highways of Kentucky by state plane 
coordinates, 
6. study methods for rapid compaction control to include the "family of curves" method and 
the Bureau of Reclamation method (stored data can be used to create families of curves or 
to verify or modify existing curves), and 
7. contact the SCS soil engineering laboratories and other potential sources of soils information 
to obtain additional data. 
INTRODUCTION 
Laboratory tests and field investigations are performed to determine soil characteristics and properties 
which are used in research, planning, design, and construction phases of highway and other engineering 
projects. Field and laboratory methods used to gather such information are often too expensive for 
preliminary and reconnaissance surveys. A review of existing sources of information about soil
 
characteristics and at a site should be the first step in preliminary analysis. 
The soils of many areas of Kentucky are being investigated or have been investigated. The 
determination of soil characteristics is done by the Division of Research and the Division of Materials 
of the Kentucky Bureau of Highways, consulting firms, universities, and other state and federal agencies. 
These agencies generaily collect samples, generate data sheets from laboratory tests, prepare reports, and 
file the data sheets. Filed data sheets are eventually destroyed or stored in the archives. Reports may 
contain only a portion of the data or a summary. After a project is completed, its data is essentially 
lost. It may be difficult to find at a later time or its existence might become unknown. For example, 
one agency may be unaware of data generated and stored by another agency. 
This "lost" soils data is similar to the "lost" written documents referred to by Casagrande in his 
presidential address to the Sixth International Conference on Soil Mechanics and Foundation Engineering. 
He referred to these documents as the ever increasing number of pieces of information which are printed 
each year and descend like a winter snow to pile higher and higher on engineers' desks awaiting an 
opportunity to deal with them. Like the snow, some portion is absorbed but most of it runs off, 
irretrievably, unless it is trapped and stored in some sort of holding pond (I). 
Since Casagrande's address in !965, information retrieval systems (TRIS, Geodex, etc.) have been 
developed and expanded to supply the engineer and scientist more efficient methods for storing and 
retrieving published technical information. Soils data is similar to published documents in that it also 
needs to be "trapped in a holding pond" to avoid being lost. 
In addition to the development of a holding pond, or storage system, a system for collecting data 
from various sources and a system for retrieving data are needed. This report discusses the background 
and development of a system for collecting, storing, and retrieving soils data in Kentucky. 
The direct benefits of a comprehensive soils data system available to various agencies would be: 
I. The capability of expeditiously retrieving a comprehensive listing or summary of available soils 
information for a specific geographic or subject area could lower preliminary planning and 
research costs. 
2. Development of new ideas and more productive research in realizing empirical relationships 
and correlating soil properties to regional boundaries could be achieved. 
Prior to development of the soils data system, uses of soils data for planning and research purposes 
and data management hardware and software were surveyed. Conclusions derived from this review were 
used as guidelines in the design of the system, which will be referred to as SODS (an acronym from 
Soils Data System). The scope of a soils data system can vary, depending on the users and managers 
of the system. SODS's limitations and potential expansions are discussed in this report. 
A major contribution of this study is a coding system to be used by the Division of Research 
for computerized soils data storage. The coding system may be expanded or reduced as necessary as 
types of data being stored change. It could be used as a model in preparing a standardized national 
coding system for soils data. 
SODS is divided into collection, storage, and retrieval subsections. These subsystems are discussed 
in detail in separate sections of this report. The data storage and retrieval subsystems will use both 
computer storage and indexed files of data sheets. The computer storage system will use punched card 
and floppy disk data input and magnetic tape and disks for storage and data manipulation. The data 
sheet file will be used to store selected data sheets from which usable data can be entered into the 
computer system later. The computer data file will refer the system user to the indexed "file cabinet" 
file when requested data exists there. 
MARK IV, a computer data base file management system, has been selected to make data storage 
and retrieval more simple, flexible, and efficient for the user and file manager. 
USES FOR A SOILS DATA SYSTEM 
Sources of Preliminary Information for Site Investigations 
Sources of preliminary information for site investigation provide data that can be useful at all stages 
of planning, design, construction, and service but are likely to be of most value if obtained at an early 
stage in the planning of a project. Such information is particularly important for route or site location 
and the early recognition of situations presenting engineering difficulties and for the planning and 
interpretation of the detailed site investigation. Such data is available at a low cost, compared with 
that for data obtained by direct subsurface exploration, and at an earlier date;-and its use can allow 
more economical and efficient site investigations to be planned (2). Sources of preliminary information 
for site investigations include site inspections, soil surveys, soil engineering reports, geological maps, 
pedological maps, topographical maps, geotechnical maps, and old project files. 
In the United States, much of this general and preliminary information is available to the public 
in the form_ of county soil survey reports published by the U.S. Department of Agriculture and geologic 
quadrangle maps published by the U.S. Geological Survey. A soil survey is a method of collecting facts 
about soils. Each soil is identified, described, and classified. Soil surveys have been made since 1899 
as a cooperative effort of the U.S. Department of Agriculture and the state agriculture experiment stations. 
Use of information contained in geologic and soil survey reports should not replace exploration, but 
such data can be used in preliminary planning site studies and can be a guide in planning subsurface 
exploration programs. These reports must be augmented with more detailed information obtained from 
field soil surveys and subsurface explorations. 
In 1949, Highway Research Board Bulletin No. 13 discussed the appraisal of terrain conditions 
for highway engineering purposes. This bulletin contained papers on the engineering significance of 
landforms (3}, topographic mapping and highway problems (4}, and an engineering grouping of soils 
ln New York (5). Those papers recognized that preliminary information is essential for design and 
construction of highways. The authors were very optimistic when discussing future uses of regional soil 
maps for correlating subsurface information so that "quick appraisals of terrain conditions can be made 
for the systematic planning of future road progress (6)." That line of thought was continued in the 
1950 Highway Research Board Bulletin No. 28, entitled "Soil Exploration and Mapping" (7). 
Deen (8) suggested four ways in which engineering soils maps might be used to great advantage 
by engineers and planners: (1) to make soil-reconnaissance surveys, (2) to locate construction material 
deposits, (3) to organize and check field surveys, and (4) to correlate performance with soil type. Soils 
data systems such as SODS will make the mapping of soil properties an easier task and a more informative 
source of data. 
In 1955, the Division of Research of the Kentucky Department of Highways began a program to 
adapt existing U.S. Department of Agriculture soil maps for engineering purposes by adding engineering 
data to the pedological soil series classifications. From 1955 to the present, additional soil profile data 
have been obtained by the Research Division during the performance of its regularly assigned projects. 
A large portion of the existing soils data to be stored by SODS is listed in a 1966 report -by Deen 
(8). Other pertinent reports (9, 10, 11, 12) have been issued by the Research Division. Pfalzer and 
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Schmitt also have prepared a report entitled "Engineering Properties of Louisville Subsoils" (13). 
In 1972, an outline of different physiographic regions of the state was made. Efforts are being 
devoted to issuing an engineering geognosy report on each of these regions. Soil data have also been 
collected from the Division of Materials, from the files of various consulting firms, and from existing 
roadway plans. This data would be a good base from which to build a larger data bank. 
Regional approaches to soil characteristics have been demonstrated to be valid for recognizing certain 
areas which are potentially hazardous with regard to the engineering performance of soils. Performance 
histories of earthwork structures and foundations in distinctive physiographic regions provide valuable 
insight for the planning and construction of future projects. When sufficient information about the geology 
and soils is available, regional units may be recognized for the purpose of delineating engineering behavior 
of the earth materials (14). 
The U.S. Soil Conservation Service has developed a Pedon Coding System to guide soil scientists 
in the development of computer ftles and records to handle pedon (proftle) data (15). The formats 
and terminology for the creation of nationally compatible computer records of pedon data are provided. 
The system will also enhance the sharing of computer programs developed specifically to handle pedon 
data, thereby reducing wasteful development of duplicate programs to perform similar tasks. After initial 
testing and responses from early users of the Pedon Coding System, a revised version for more general 
distribution is expected. 
The Pedon Coding System is divided into five records: site description, horizon description, laboratory 
data (data from Soil Survey laboratories), mineralogical laboratory data, and highway laboratory data 
records. The highway laboratory data record contains index test data furnished by agencies such as the 
Division of Research of the Kentucky Bureau of Highways. It contains less detailed data and fewer 
types of data than will SODS. 
Other research relevant to this study was done by Harrison and Chang of the US Army Tank and 
Automotive Center; they discussed soil strength prediction on a worldwide basis using the USDA 
classification system (16). The Lille Regional Laboratory in France has prepared a card index system 
for retrieving boring and soil test data (17). Webster and Burrough (18) discussed computer-b~sed soil 
mapping of small areas using 20 soil properties of samples taken at 100-meter square grids. Many other 
mapping efforts are discussed in the literature, especially large scale mapping in South America and Africa 
(19, 20, 21, 22). 
Land Resource Planning 
Land resource and land use planning have become more important in recent times. The National 
Swedish Institute for Building Research has recognized the importance of computerized soils data storage 
as an aid to land use planning. Their recent paper, entitled "Geotechnical Data Bank," was not available 
for this study, but an abstract was reviewed (23). The abstract, which follows, reemphasized the main 
points of the Introduction of this report and dealt specifically with land use planning: 
"Data deriving from soil surveys is a type of information which never becomes obsolete or out-of-date. 
Nevertheless, each year vast amounts of this source data disappear through mismanagement of records. 
This mismanagement takes the form of scattering data throughout the fl.les of government offices, 
local authorities, consultants, contractors and many others to remain there in obscurity and often 
inaccessible. The research group has studied and tested the scope for using computerized systems 
to help create modern records, data banks, for data on the earth sciences and especially soil mechanics. 
With a data bank, it is possible to produce rapid inventories and tables for use in town and building 
planning. Older geodata available should prove useful to local authorities for future improvement 
and renewal schemes. Computer techniques should also make it possible to extract this information 
more rapidly and at lower cost than with today's manual methods involving digging into old, 
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incomplete archives." 
At the 1969 Engineering Geology and Soils Engineering Symposium in Boise, Idaho, Morgan (24) 
suggested that interpretion of soil information for different uses is one of the most important phases 
of the soil survey program. He discussed the following examples of interpretive uses of general soils 
maps: 
I. to locate general soil areas which are potentially irrigable, 
2. to aid county, multi~county, river basin, or watershed planning, 
3. to analyze the suitability of land for agricultural uses, 
4. to define soil limitations due to wetness or wind and water erosion, 
5. to locate areas of high corrosivity to untreated metal pipe, 
6. to locate areas of severe soil hazard for septic tank fields, 
7. to locate gravel sources, and 
8. to identify hazards for building sites such as 
a. soils that flood frequently, 
b. areas that settle excessively, 
c. shrinking and swelling soils, and 
d. unstable slopes. 
Morgan further suggested every state should develop a comprehensive state land use plan based on soil 
surveys and accompanying laboratory data essential to good sound interpretation for most uses. 
Correlation of Soils Data 
Soils data files may be used to statistically correlate soil test data with standard soil types. Other 
correlation studies have related index properties {liquid limit, plasticity index, gradation, etc) to other 
significant soil properties. Both types of correlations are useful in preparing soil maps for engineering 
purposes. There have been many correlation studies performed; however, there is much left to be 
accomplished in correlating engineering characteristics and properties of soils of Kentucky. SODS will 
facilitate this work. 
In 1965, the South Dakota Highway Department began a program, in conjunction with the U.S. 
Soil Conservation Service, to determine the soil series for each highway soil sample, based on the type 
of soil mapped at each sample site. Results of this program were published in 1973 (25 ). Engineering 
data were punched on computer cards and included the project number, stationing, offset, depth, 
gradation, plasticity index, maximum density, optimum moisture, and color of each soil sample. The 
data were ordered using a computer, and the soils were classified by the AASHTO, Unified, and highway 
textural classification systems. The data were statistically analyzed and sorted by various methods (Figure 
1). 
The computerized data were used to estimate CBR values from the liquid limit (Figure 2). By 
grouping the soils by the AASHTO classification, good and poor construction materials could be located 
for materials inventories. A statewide engineering soils map was prepared for South Dakota using mean 
liquid limits in five class intervals. Maps can be prepared by setting class interval limits for any engineering 
property; such maps are probably most useful for large-scale generalized county or state maps. Information 
of most interest to the highway engineer is the rating of shrink-swell potential, potential frost action, 
and corrosivity to uncoated steel and concrete. 
South Dakota's current drilling, sampling, and testing of soils were reduced substantially. Drilling 
time on an average project was reduced from I 0 days to 3 days or less. An annual savings directly 
or indirectly due to the computerized soil test data averaged about $45,000 (25). 
The South Dakota study identified several ways to use correlated data from their computerized 
system: 
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Figure I. Sample Distribution Curve {Adapted from Reference 25). 
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1. the engineer was able to use standard soil maps to accurately predict engineering soil properties 
along highway routes, 
2. the amount of drilling and testing was reduced in uniform soils and increased in more variable 
materials, 
3. specific locations of possible sources of granular and select borrow materials were indicated, 
4. large-scale engineering soil maps or profiles were compiled based on many engineering 
characteristics, 
5. right-of-way appraisals and location of selected soil types were accomplished, and 
6. reliable characteristics of soil types were determinable because of the statistically significant 
sample size. 
Correlated data developed from SODS could be used in these ways in Kentucky. 
Ring, Sallberg, and Collins (26) summarized many published correlations between standard 
compaction densities and index properties such as liquid limit and plasticity index (see Figure 3). James 
(27) determined relationships between Proctor maximum dry density and liquid limit and plasticity index. 
DATA SYSTEM DESIGN CONSIDERATIONS 
Information Systems 
An information system has been defined (28) as a "complex of people, equipment, and procedures 
working together to provide needed information to a group of users." Most articles about Information 
storage and retrieval systems refer to the storage, searching, finding, and obtaining of documents. In 
this study, the concern is data systems. Major differences between document and data handling systems 
are (28): 
1. a document system can handle all fields of knowledge whereas a data system covers a very 
narrow field of knowledge; 
2. indexing a data system normally is done using forms whereas document indexing requires 
intellectural effort and, consequentially, is relatively expensive; 
3. document systems normally handle only qualitative information whereas data systems handle 
both qualitative and quanitative information and data; 
4. a data system supplies the data itself; document retrieval systems generally provide only a 
reference or abstract of the actual document; and 
5. a document system must have an "open-ended" vocabulary; a data system has a predetermined, 
well defined vocabulary. 
Most important in designing a data system is the determination of user requirements. In this study, 
the initial users will be the Division of Research and the Division of Materials of the Kentucky Bureau 
of Highways. The users of the system as well as the capacity and scope of the system could expand 
indefinitely with time. The U.S. Soil Conservation Service, the University of Kentucky, and the Kentucky 
Department of Commerce are seen as possible future users. Probable needs of these and other agencies 
were considered in determining what data to store. 
After determining user requirements, but prior to designing the storage and retrieval system, the 
availability of data and a system for collecting data must be determined. Since a soils data system in 
Kentucky is new, sources of desired data must be located and a method of obtaining the data from 
them must be determined. The data collection subsystem will be discussed later in this report. 
Once a data system has been designed, it should be continuously tested and evaluated to determine 
how well the system is meeting needs of its users. If necessary, the system should be modified to more 
fully meet those needs. 
Technical data systems have two forms of data output. The first form of retrieval provides the 6 
Figure 3. 
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SUMMARY OF PREDICTING FORMULAS 
DERIVED FROM TEST RESULTS 
FROM 527 SAMPLES OF PLASTIC SOILS 
ANALYSIS PREDICTING FORMULA a 
a 
b 
. 
OM.C = 1.427 LL • 0.815 PL • 1.373 PI · 0.0007 0'50 + 0.062 FA+ 0.035 
CF • 1.312 
2 In OMC"' 0.158 In (LL/10) + 0.647 In PL + 0.021 In PI+ 0.012 In (0' 50/100) 
+ 0.354 In FA + 0.248 In CF • 0.974 
3 In OMC = 1.029 ln LL + 0.045 In PL + 0.224 In (PI+ IS)· 0.033 In (D' 50/tOO) 
+ 0.229 In (FA + 100) + 0.098 In (CF + 40) - 3.401 
4 In OMC = 0.784 ln PL + 1.378 Jn (FA+ 100)- 6.586 
sb ln OMC = 0.763 In PL + 1.377 In (FA + 100) • 6.544 
6 MOD"' 147.525 - 0.020 LL- 1.195 PL · 0.198 FA 
7 In MOD"' 7.126 • 0.653 In (OMC + IS) + 0.059 In LL · 0,120 In (PL + 20) 
+ 0.014 log FA 
8 In MOD = 7.247 • 0.567 In (PL + 20) · 0.110 In FA 
gb in MDD = 7.105 - 0.518 ln (PL + 20) • 0.113 In FA 
OMC = opti~um moisture ~ontent} AASHO T 99_57 Method A 
MOD "" malllmum dry dens1ty ' 
LL = liquid limit PI = plasticity index 
PL = plastic limit FA = fineness average 
0'50 = average particle size 
on straight-line approximation of particle-size distribution curve 
CF = percentage of particles less than 0.001 mm 
_For 40 samples from Loudon County, Tennessee 
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Correlation Studies on Optimum Moisture Content (Adapted from 
Reference 26). 
60 100 
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user with data exactly as it was entered into the system. The second form of outpu
t provides data 
which has been manipulated, such as in graphs and summary charts and tables. Factors
 to consider in 
designing information systems include simplicity, equipment costs, flexibility of vocabul
ary, availability, 
operating c<lsts, search speed, total output speed, flexibility on output, direct access 
to information, 
and ease of updating ( 28). 
Users of an information system should be sufficiently trained in the use of the syste
m so they 
can efficiently utilize it. In the soils data system, many users will, at least in the early stage
s, be requesting 
information from the Division of Research. These users will not need to know the m
echanics of the 
system at this stage but should be instructed as to the type of data stored and the ca
pabilities of the 
system. 
Storage Media 
No one type of data processing method possesses all features of an "ideal" informati
on system. 
However, a practical solution to most data retrieval and correlation problems can be fo
und by proper 
selection of existing data possessing systems or a combination thereof. Methods of stor
ing data can be 
divided into the following four categories: (I} manual, (2) punched card, (3) magnetic media, and (4) 
microforms (29 ). 
Manual methods of storage can be subdivided into those that are best used for docume
nt retrieval 
and those that are best suited for data retrieval. A simple information retrieval system 
consists of data 
sheets or documents stored in file folders in an ordered manner which facilitates retriev
ing data sheets 
by date, county, or other keyword. For a small amount of data, this might be the most e
fficient method 
of storage. 
Some manual methods are very efficient for document information retrieval but are no
t efficient 
in data storage and retrieval where large amounts of data are stored or where data manipula
tion capabilities 
are desired. Such manual systems use edge-notched card and optical (peek-a-boo) card systems. The 
edge-notched card system becomes slow and cumbersome when the number of items i
n the collection 
becomes large. The optical card system indicates where to locate the information 
sought, but the 
information or data must be obtained from a separate file. 
Punched cards are used with collaters, sorters, line printers, scanners, etc. to so
rt, retrieve, and 
Jist data. Cards were developed during the early stages of computer development and are
 currently being 
replaced by magnetic media for data manipulation. 
Magnetic media include tapes, floppy disks, and disks. Floppy disks, also called disk
ettes, are a 
new type of magnetic storage media used to store a relatively small amount of data 
or to store data 
temporarily prior to storage on magnetic tape or a full-size disk. Keypunch machines a
re available that 
will allow data to be keyed directly onto either floppy disks or cards. One floppy disk ha
s approximately 
the same storage capacity as 2000 cards. Magnetic tapes and disks are used to store
 relatively large 
volumes of data. Their use is discussed in the section on "Characteristics of Sequent
ially Structured 
Files." 
Computer systems using magnetic storage media are very flexible as to both vocabulary a
nd output, 
have a high search speed, and can retrieve either index characteristics or the informa
tion itself. The 
computer also has self·contained data manipulation capabilities. Some disadvantages o
f the computer 
are the complicated software and operator knowledge needed to query the system, the 
high equipment 
and operator costs, the limited availability of the computer, the relatively slow total ou
tput speed, and 
the difficulty of updating some systems. If a computer capable of handling a data sy
stem is already 
in use by an agency, then equipment and operating costs are lowered by being amortiz
ed among other 
functions or operations. Introduction of file management systems, with software to simp
lify storage and 
retrieving instructions, reduces the complexity of computer systems for the user and, b
y providing for 
more efficient management of the system, makes the system more available to the user. Computer systems 
may use cards, paper tape, magnetic tape, or disk for data entry and(or) storage. 
Another information storage and retrieval method is a microform system. Microforms have these 
five major forms: (1) rolls and cartridges, (2) microfiche, (3) microfilm jackets, (4) aperture cards, and 
(5) ultra-fiche. Originally, microfilm systems produced poor copies and readers or printers were bulky, 
expensive, and difficult to use. Today, these disadvantages have been overcome. Microforms are used 
to store working files as well as historical data. 
Microform systems provide file security for the original or copies of a drawing. They require little 
storage space and are easily reproduced as microforms or full-size copy. They could be used with other 
information systems which would refer to the microform system for retrieval of complete original 
documents. For technical data systems, where manipulation of large sets of data is required, microforms 
would not be the main storage system. For sets of random data that is not well suited for coded computer 
storage, individual data sheets could be stored and retrieved from microform systems. 
File Management Systems 
Mter deciding to use a computerized data system, software for the systems management must be 
chosen. Procedural languages such as COBOL, PL/1, and basic assembly language commonly are used. 
Engineers often use FORTRAN for this purpose. A file can be created with an uncomplicated structure 
so that any programmer can query the file with the language of his choice. Generalized data base 
management systems are also available. These software systems are primarily for long-term storage of 
large data bases. Since such a system is proposed for SODS, some of the main characteristics will be 
discussed. 
Many data base management systems have been developed and are marketed under such generic 
names as data management systems, generalized information retrieval systems, information management 
systems, and me management systems. The more elementary systems search a sequential file having simple 
record structures; only basic report formating capabilities are available. The more elaborate systems handle 
several files using indices and links and are ''on line'' systems. There are many systems whose characteristics 
fall between the simple and the very complex ( 30 ). 
Some systems are built upon the facilities of a procedural language such as COBOL, PL/1, or basic 
machine language. These can be called host language systems. A file management system (with a host 
language) generally provides a data structure more powerful than can be provided using only a host 
procedural language. In these systems, the user writes a set of statements to be executed sequentially, 
and the data base system manages data transfers once the request is initiated. 
Another type of system is the self.contained language system. This system does not use a host 
language but has a built-in processing algorithm. An advantage of these systems is that they also provide 
for a more extensive data structure than that of a procedural language such as COBOL. Self-contained 
capabilities were developed to handle certain data base functions in such a way that conventional 
programming is not required. Under such systems, the user has no control over the sequence of detailed 
steps the system uses to process his requests. Two commonly provided self-contained capabilities are 
the functions of interrogation and update. Interrogation is defined as the accomplishment of data selection, 
sorting, and report formating. Data defmition is encoded in some form with the data. When interrogation 
or update is required, the user does not have to reenter the data definition. Two other self-contained 
capabilities are the functions of file creation and restructuring ( 30 ). 
The disadvantage of systems offering only self-contained capabilities is the size of the set of 
applications which can be handled. However, when working within this limit, much less time is required 
for manipulating the me. Generally, using a specially tailored program requires less machine time than 
when using self-contained capabilities. 
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A problem of the two approaches, using host language or self-contained language, to data base 
management is that they are incompatible with each other and often are data incompatible wit
h 
conventional procedural languages. This is primarily because both systems provide data structures more
 
complex than the procedural languages. This problem is avoided if a simply structured file is develope
d 
by the file management system that can be accessed independent of the system. For example, in SODS
 
the initial file will be a simple sequential file that may be managed by MARK IV, a self-containe
d 
system. But since the f01mat of the data is !mown, the desired data can be retrieved with a program
 
written in a language such as FORTRAN or COBOL. 
Another facet of generalized data base management systems which should be mentioned is the user 
interface, i.e., the language which the user has to learn to use these systems. In host language system
s, 
the applications programmer must only learn some new elements of the host language, or possibly 
a 
set of parameters for the CALL statements. In the self-contained systems, a new language must be learned
. 
However, these new languages are relatively simple since most ftle processing procedures are built in
to 
the system and do not have to be specified by the programmer. 
Users of these systems may be classified as data administrators, applications programmers, 
non-programmers, and parametric users. The data administrator would be an individual totally responsibl
y 
. for an on-line data base accessible by several individuals. He would have to be familiar with all lev
els 
of the systems. Host language systems were designed primarily for applications programmers. Th
e 
programmer may be more constrained using the host language system and data base management system
 
than when using conventional procedural programming. Self.contained systems were designed for th
e 
non-programmer. Parametric users enter the system with preprogrammed transactions and possibly provide
s 
values for some parameters. Some file management systems, their originators, language type, and 
compatible hardware are summarized in Figure 4. 
An original objective of this study was to develop a file structure that was simple and flexible 
so that the file could be easily incorporated into a generalized data base management system. Durin
g 
the course of the investigation, a file management system, MARK IV, was adopted by the Division o
f 
Research for the management of its files. It will be discussed under the "Storage Subsystem" sectio
n 
of this report. As a result, a revised objective was to develop a file to be managed by the file management 
system, but to keep the structure of the flle simple so as to facilitate using a conventional language
, 
FORTRAN, to retrieve and manipulate data when necessary. FORTRAN will be used when performin
g 
engineering and mathematical analyses of some of the data. 
Characteristics of Sequentially Structured Files 
The records of a system should be designed in such a way that modification of a record is as 
simple as possible. Some considerations in designing sequentially ordered flles, which are easily modified
, 
are discussed below. First, however, the following pertinent definitions should be reviewed: 
I. Field -- a specific area used for representing a particular category of data (attribute) (e.g., 
a group of card columns used to express the density of a soil sample); 
2. Record -- a collection of related elements of data; a number of fields, all fields in a given 
record containing related information (e.g., all data pertaining to a specific soil sample is a 
record); 
3. File -- a set of related records, distinguished by a key; 
4. Key -- a key field or combination of key fields in a record that uniquely identifies the record 
(e.g., one key field in SODS is the county number; however, a number of fields will be combined 
to form the primary key and will include the county, site, hole, and sample number); and 
5. Master File -- a file of records, each of which contains identifying descriptive and cumulative 
information about the object to which it refers. 
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One way of organizing the master file is by sequential order with the records in ord
er by key. 
When the master flle is a card deck, the only practical data processing technique is s
equential. When 
magnetic tape storage is used, the information is recorded for some length and then 
there is a length 
of tape with no information on it. This is called blocking and is required because the 
tape movement 
cannot be stopped between any two characters. When a file is completely contained o
n one tape and 
the tape is first mounted on the tape handler, the last record in the file can only 
be read if every 
other record in the file is read first. The only effective way to update a tape file, 
then, is to copy 
it from the tape on which it is recorded onto another tape. The file is updated in the
 memory during 
transfer and the updated me is written on the output tape. 
A disk handler is an example of a random access device. Information is recorded in
 blocks on 
the disks, but the exact location of each block is fixed and therefore can be addres
sed and referred 
to directly. 
Disks are significantly more expensive than tapes. Tapes, however, could be the best
 method to 
store data that is not frequently accessed or updated. There is little point in using a disk
·oriented system 
unless there is a frequent need for random access data processing (31). The MARK IV me management 
system reads the me from magnetic tape to a working disk and performs data transact
ions on the disk 
(30). 
Updating a me is called me maintenance. A file maintenance run reads the master me
 record by 
record, applies the tranaction data to the master file records, and rewrites the record
s to produce an 
updated master file. During or previous to file maintenance, the data can be checked 
for errors by the 
computer. This is called validation. If all of the numbers in a field should be betwee
n 0 and 25, for 
example, the field could be validated by checking for numbers greater than 25. An ea
rlier process of 
checking for keypunch errors is called data verification and can be done manually or 
with verification 
equipment. 
Not all records contain the same data. There are two methods for handling this situat
ion. A field 
for every possible datum can be set aside in the record. Such an approach results 
in a fixed-length 
record, and every record in the file has the same fixed length. The alternate is to intr
oduce variability 
into the record length by omitting inapplicable fields. Fixed record length tends to 
reduce computer 
time at the expense of input/output time and needed storage space. Variable record length
 has the opposite 
effect. 
How long should the record be? Nothing is accomplished by reducing record length 
just for the 
sake of reduction. In some cases, there are more reasons for increasing record l
ength than there are 
for reducing it. Reduction in record length is sometimes justified when rhe flle size is reduced significantly, 
such as when the record length can be kept within a single card instead of two ca
rds or when the 
me can be maintained on a single magnetic tape. Generally, the more records in th
e file, the more 
significant a reduction in record length may be (31). 
THE SODS SYSTEM 
SCOPE 
SODS' data base is information derived from laboratory tests of undisturbed and di
sturbed soil 
samples and in situ tests. Test results, color, geographic location, depth, parent material, an
d other variables 
that could possibly affect or indicate the engineering properties of the soil are colle
cted and stored 
in a data me. Dutch cone test data and standard penetration test data are collected
 and stored in a 
separate me. Since it is impossible to collect every type of data relative to soil properti
es, it is intended 
to collect and store in SODS only available data desired by its primary users. Therefo
re, a major goal 
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in the development of SODS was flexibility; as its users change or in
crease and new data becomes available, 
the system should be appropriately modified. 
The scope of the system (see Figure 5) developed as a result of this study is lim
ited. Data stored 
initially will be only from Kentucky, and the primary users will 
be components of state government. 
As the system is further developed and its potential more fully 
realized, the scope will also increase. 
The future use and development of SODS depends on its perform
ance, manpower availability, response 
of users, and funding. It could remain a soils data system for K
entucky or it could be used to store 
data from other states for research purposes. If SODS is recognized t
o be an important asset to many 
types of users, a federally funded network of soils data systems 
or a central system is conceivable. On 
the state level, SODS could be a main base for various soils da
ta subsystems. One subsystem could 
take the raw data from a user, prepare data sheets for him lis
ting calculated soil characteristics and 
properties and automatically enter the resulting data into the storage
 facilities of SODS. Another subsystem 
could be a working file for design and construction projects. This subsystem could
 interface with a 
rock data system (32) and create tapes from which soil and rock profiles could be p
lotted by computer 
methods. 
SODS should have an individual designated as the file manager. H
e should be a civil engineer with 
a geotechnical background. He would be responsible for the en
tire system .. collection, storage, and 
retrieval of soils data. He should coordinate data collection, revi
ew data as it is collected and oversee 
its coding, supervise storage of the data in the ftle, and be responsi
ble for processing information requests 
and the retrieval of data in the proper format. He should wor
k with the computer section on ftle 
maintenance and restructuring of the ftle, as necessary. His primar
y duties, if not his only duties, should 
be that of file manager. He should promote the use of SODS as 
a money-saving tool to potential users 
and work with present users in developing further applications o
f the system. Initially, all data to be 
stored would require a large amount of coding by Division of R
esearch personnel. This effort should 
be closely supervised until it is running smoothly. 
Users and Contributors - Determining user requirements is a ba
sic step in the development of a 
data storage and retrieval system. Users must be identified. As 
in all information systems, all desires 
of every user cannot be met. The system should practically balance
 information desired by present users, 
predictable needs of potential users, data available, and others factor
s previously indicated to be considered 
when designing a data system. The system should be able to a
dd new users as it expands (33). 
Primary users of SODS will be the Research and Materials Divisi
ons of the Kentucky Bureau of 
Highways. The Division of Research will manage the system and in
itially provide the service of retrieving 
data when requested by other agencies. The Division of Materials w
ill have direct access and may retrieve 
data themselves or request information through the Division of R
esearch. The Division of Research will 
use the system to obtain data for preliminary planning, to dev
elop preliminary planning information 
sources such as maps and regional soil reports, and to perform r
esearch studies on soil characteristics. 
The Division of Materials will use this data ftle for preliminary
 planning. They will also use this ftle 
or a similarly formatted file as a working flle to store and retrieve 
newly acquired data on active projects. 
Other potential users include the U.S. Soil Conservation Service 
and other agriculturally oriented 
agencies, universities with engineering departments, agencies involv
ed in land use planning, the Kentucky 
Department of Commerce, other divisions of the Bureau of Highwa
ys, and private geotechnical consulting 
frrms. Each agency will request information through the Division 
of Research. Each request will be judged 
separately as to compliance. In some cases, the Research Divisio
n might require reimbursement for its 
expenses if work necessary to comply with the user's request w
as excessive. In other cases where only 
a minimum effort was required, no charge may be made. 
Since many consulting firms are potential contributors, they pr
obably should be allowed access 
in exchange for data supplied to the system. If consultants were al
lowed access to SODS in the planning 
stage on state highway projects, their costs might be reduced, resulting in reduc
ed costs to state 
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government. Funding of SODS could become very complicated and is not within tbe sc
ope of tbis report. 
Contributors of data will include tbe Divisions of Research and Materials, consulting en
gineers, U.S. 
Soil Conservation Service, and other agencies that have a file of soils data or tbat do
 testing and will 
supply information for the system. Division of Research personnel are in tbe process
 of searching the 
fUes of several consulting firms and recording the soils data. Stored highway plans ha
ve been reviewed 
and soils data extracted from the soil profiles and recorded on punched cards. These
 data, combined 
witb punched card data developed by tbe Soils Section of the Division of Research, 
will be the initial 
data entered into the Soils Data System. The Division of Materials wt11 begin submitti
ng data regularly. 
Other agencies will be requested to make their data available for coding and storag
e in the system. 
Some may routinely supply data in exchange for access to SODS's storage me. 
User needs were determined in meetings between tbe primary users of the system (the Divisions 
of Research and Materials}. Needs of these agencies and potential users, previous requests for soils 
information to these agencies, and otber data that might be desired in tbe future and c
ould be collected 
were discussed. From these discussions, tbe types of data to be collected and stored 
were determined. 
Data Handling - A. stated previously, computer storage and indexed data sheets will be 
used to 
store data. The data will be listed on coding forms by the cpntributor or by tbe Div
ision of Research. 
Information on most of tbe coding forms will be punched ·on cards and transferred 
to magnetic tape 
for storage. Other data will be placed on forms stored in the, indexed· data sheet file 
cabinet, and tbeir 
location and type of information on them will be listed on the computer tape. Info
rmation for each 
sample will be stored sequentially by a unique identification number. This number will 
be a combination 
of the county number, site number, hole number, and sample number assigned to it by
 tbe file manager. 
New data will be stored in the fUe periodically by adding it at the end of the existing data and i
ntegrating 
by use of a sorting routine. 
The primary reason for choosing a computer-based data storage and retrieval system w
as the desire 
to manipulate the data for research studies and for preparing general sources of informa
tion for planning 
purposes. Research studies involving empirical equations and other matehmatical correla
tions will require 
substantial statistical analyses of the data. The cost of tbe computer system will be m
inimized and tbe 
availability of the computer will be excellent because the Division of Research alrea
dy has a remote 
job-entry terminal for tbe state government computer system. The MARK IV computer-based file 
management system will be used to manage this data file as well as other data file
s of the Division 
of Research. 
COLLECTION SUBSYSTEM 
The collection subsystem is a process for obtaining information from contributors for st
orage. Other 
requirements of the data-collection effort include locating new sources of informa
tion, insuring the 
accuracy of the data, and coordinating data collection. 
Types of Data To Be Collected - Prior to discussing procedures for collecting data, 
the sorts of 
data to be collected must be described. That data can be categorized into four typ
es: (!) raw data, 
(2) basic data, (3) derived data, and ( 4) descriptive data. 
Raw data are measurements such as wet weight, dry weight, temperature, and hydrom
eter reading 
that must recorded to fmd tbe basic soil characteristics. Raw data will not be initially collec
ted or stored 
in SODS but it might be temporarily entered in a system where computer programs are
 used to calculate 
soil characteristics and properties from raw data. 
Basic data are tbe soil characteristics and properties, such as density, moisture cont
ent, specific 
gravity, and percent of material passing a certain seive, found by mathematically man
ipulating the raw 
data. Some independently meaningful data, such as amount of sweil of a sample, are 
measured directly 
and could be called either raw or basic data. Sometimes a single item of basic data i
s not sufficiently 
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information that is not meaningful unless in a set of data is collected for storage in S
ODS for research 
purposes. As storage space becomes critical as the system grows and is reevaluated,
 some basic data 
could be purged. Its importance should not be underestimated, however, since it can 
be used for more 
general applications than can the derived data discussed below. For example, the shap
es and slopes of 
curves, such as the moisture-density curve, used to derive empirical values would be
 lost if only the 
derived values were stored. 
Derived data are deduced from known mathematical and empirical relationships using the
 raw and( or) 
basic data. Examples of derived data include maximum density, optimum moisture, textu
ral classification, 
liquid limit, and California Bearing Ratio. Derived data could also be called summ
ary data since it 
summarizes soil characteristics and properties. Most requests for information from S
ODS will be for 
derived or summary data. 
Descriptive data are not found by laboratory or field tests as are the other types o
f data. They 
are very important, however, since they directly or indirectly indicate, affect, or loca
te the soils. They 
include geographic location, depth, col<>r, bedrock, and soil series name. 
Validity of Data - Prior to and during data collection, the validity of data from each 
source must 
be determined. Standards for tests from which the dat~'is derived. must be known. Most 
tests from 
which data are collected for SODS should be performed'lJYJhe ASTM~ethod designated in the coding 
instructions. If this is not the case and the data remain desirable, a coding system sho
uld be established 
to explain the test method used. This has been done for textural classification 
because different 
classification methods are used by the Kentucky Bureau of Highways and the U.S
. Department of 
Agriculture. Other test methods that might apply to data 'collected for SODS are co
ntained in other 
publications (34, 35 ). 
Test results vary from one laboratory to another even though the same test methods a
re used (36). 
Some data could be from tests that have not been performed to acceptable standar
ds. Although this 
will probably not be a major problem in data collection, the possibility should never be disregarded. 
The geographical coordinates of sample locations are determined at varying degrees 
of accuracy. 
This is discussed under the storage subsystem and in the coding instructions in App
endix A. As this 
accuracy decreases, the usefulness of the data decreases. As with location accuracy, 
any undiscovered 
error in test procedures and data presentation or any undefmed test method will res
ult in data being 
collected that cannot be properly interpreted by users of the data. 
Data Preparation -- Sources of information can be classified in three categories: 
I. Division of Research, 
2. agencies that submit data in coded form, requiring only supplemental data to be
 added prior 
to storage, and 
3. agencies that make available data flles from which desirable data must be record
ed in coded 
form by Division of Research personnel. 
Each source may have data peculiar to that agency, or a group of agencies may ha
ve data perculiar 
to that group. Coding forms can be prepared for each peculiar set of data and cat
alogued programs 
used to store the computerized portion of the data. A copy of the "code form-data 
sheet" to be used 
by the Division of Materials for submitting data is shown in Figure 6. Data may be s
ubmitted on the 
code forms or may be already punched on cards. 
The file manager must supervise coding of data from the Division of Research and o
ther sources. 
He would also be responsible for adding supplemental data to data received from m
ost sources. This 
supplemental data might include the USGS map number, physiographic region, bedroc
k, source of data, 
and geographical coordinates. Most important in SODS is the unique identification 
number for each 
sample. It will consist of a state number, county number, site number, hole number, an
d sample number. 
These numbers are independent of numbers assigned during field or laboratory work. 
Each set of data, 
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be it in situ test data, disturbed test data, or undisturbed test data
, will bave an identification number 
assigned to it. A record notebook will be maintained for each cou
nty. When data for each sample are 
collected, the appropriate county me will be checked to see if there is
 any existing data for the appropriate 
site. If not, a new site number is assigned and the hole and sample
 numbers are assigned. A description 
of the site is entered in the notebook. Figure 7 shows an example
 of a sheet out of the identification 
record notebook. If there are other data in the me for the site, appr
opriate hole and sample numbers 
are assigned to the record and posted in the notebook. An up·to·d
a te listing of assigned site, hole, and 
sample numbers with a description of each site could also be mainta
ined in the computer file. A method 
whereby the computer assigns hole and sample numbers might re
duce bookkeeping efforts and could 
be tested when the system is operating smoothly. 
After identification numbers are assigned to the record and all desired
 information coded, a prewritten 
program can be used to enter the record into storage. For effici
ency, records from each source will 
be held until a large number can be stored at once. Storage prog
rams can be written to convert the 
data to proper units and decimal places. The MARK IV system 
will perform multiplication, division, 
substraction, and addition during storage or retrieval operations. T
herefore, data can be collected and 
punched on cards in their original units. 
STORAGE SUBSYSTEM 
After the data have been collected, it must be stored in a mann
er that facilitates retrieval. The 
storage subsystem discussion will include many items that are also 
basic to the retrieval subsystem. For 
example, the MARK IV me management system will be used to 
store the data and in many cases to 
retrieve the data. 
A sequentially structured file was chosen for SODS after discussion
s with personnel of the Division 
of Technical Computing. Characteristics of sequential file system
s, as discussed earlier in this report, 
were reviewed when making this decision; a primary consideration 
was the flexibility of sequential files. 
For simplicity, character· type storage was chosen over binary·type s
torage. A sequential me is compatible 
to conventional programming and can be easily converted to a hie
rarchial structure when necessary. It 
is much more difficult to convert from a hierarchial me tu a se
quential one. 
Storage Media and Hardware - Four media for storing data, as dis
cussed earlier in this report, are 
the manual systems, punched cards, magnetic media, and microform
s. Initially, SODS will use two storage 
systems, a manual system and a computer system. 
A manual method, the me cabinet, will be used to store data she
ets for undisturbed sample tests 
such as triaxial, consolidation, and direct shear tests. The computer fil
e will be coded to indicate availability 
of undisturbed test data for each sample site. These data sheets w
ill be filed by the same "key field" 
(county, site, hole, and sample number) as are the computerized data. Results of
 undisturbed tests are 
difficult to code, for computer storage, in a manner that would co
mpletely describe the test procedures 
and conditions. If test methods were not sufficiently outlined
, the data would be vulnerable to 
misinterpretation. In contrast, disturbed sample test methods can b
e uniquely described by referring to 
standardized test procedures such as ASTM or AASHTO methods. 
The Research Division also does not 
presently have a large centralized flle of undistrubed test data, as i
t does with disturbed test data, from 
which to base decisions regarding coding and data formats. 
When a large file of undisturbed test data is accumulated, the sy
stem should be reexamined and 
a coding schema designed for storing these data. If it seems impos
sible to design such a storage system 
that is complete but not vulnerable to misinterpretation, microform
 storage should be consireded. Data 
sheets could be copied, stored on reel or cartridge microfilm, and retr
ieved by various "key fields" through 
the computer system. Results of one undisturbed test, the unconfm
ed compression test, being relatively 
simple, will be coded and stored in SODS. 18 
0 
'-
Figure 7. Example of Record Notebook for Recording Identification Numbers. 
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The computer system will employ punched cards, magnetic
 tape, and magnetic discs as storage media. 
Soils data are recorded on data sheets in the field or l
aboratory; when a sufficient quantity of data 
sheets is accumulated, the data will be coded and trans
ferred to punched cards or floppy disks. The 
frequency of this operation depends on the rate of data 
accumulation. Initially, it is expected data will 
be encoded and cards punched and verified monthly. 
Punched cards or floppy disks will be read into the sy
stem and stored on magnetic tape using 
MARK IV. When the volume of data exceeds one magnetic
 tape, the storage media should be reevaluated. 
Disk storage and a hierarchical file structure should be con
sidered. Initially, SODS requires 600 character 
spaces per record. For 1600 BPI (Bits Per Inch) storage and a 2400-foot
 (730-meter) tape, approximately 
60,000 records can be stored on one tape. 
MARK IV transfers the data to a working disk to perfor
m data transactions. If the tape file were 
entered with a retrieval program written in a convention
al programming language such as FORTRAN, 
a disk would not be necessary. So that punched cards m
ay be destroyed after the data are placed on 
magnetic tape, a back-up master me should be maintain
ed. 
The Research Division has two IBM 029 keypunch mach
ines and an IBM 3780 remote job-entry 
terminal connected to an IBM 370 system. Such hardw
are is adequate to manage the SODS file. 
MARK IV File Management System - MARK IV (a self-contained 
system) is one of the file 
management systems referred to earlier in this report. Engi
neers and other users of the Soils Data System 
do not need to be able to perform the programming necess
ary for MARK IV usage, although it is relatively 
simple compared to FORTRAN or COBOL. The file ma
nager or a programmer can query the system 
for the users. Cataloging capabilities of MARK IV enables 
the user to request preprogrammed transaction 
instructions very easily. This section of this report is n
ot to explain the details of MARK IV but to 
give the reader a basic idea of how it works. 
MARK IV is a proprietary software product developed, 
marketed, and supported by Informatics, 
Inc., MARK IV Systems Company, Canoga, California (37). It was chosen
 for use with SODS because 
of its advantages over conventional programming, because
 it allows the creation of a simply structured 
me that could be easily adapted to conventional progra
mming or to another data base management 
system, and because it was selected by the Division of 
Research to manage other computer files. 
The primary basis of MARK IV is the ability to manipul
ate flies of data. It has many capabilities 
such as automatic ftle maintenance, retrieval of spec
ified data, computation, report preparation, etc., 
which are used in many computer systems. To com
municate with the system, the programmer uses 
standard coding forms designed by the designers of MARK
 IV. Some of these forms are shown in Figure 
8. Appendix C illustrates how the forms are used in an
 example problem. 
A File Definition form is used to describe flle and record
 characteristics and the structure of each 
segment that may appear in a record. Some important entrie
s on this form are file name, starting column, 
field length, field type, decimal places, and column headi
ng. A Transaction Definition form is used to 
create or delete a master flle record, insert or delete a se
gment, add to or subtract from the contents 
of a field, or to replace master file record fields. An Info
rmation Request form provides general users 
with the capability of easily retrieving information and 
producing reports from MARK IV files. With 
the Information Request form, the user may specify th
e following operations: 
1. select records that meet specified criteria, 
2. print a report containing data from selected record
s with specified totals and subtotals, 
3. sort retrieved data in either ascending or descen
ding order before printing, 
4. defme page titles, 
5. specify the height and width of paper and the vert
ical spacing, 
6. produce a report consisting of summary inform
ation only, 
7. control spacing between columns of data, 20 
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8. count the number of items in any or all columns, 
9. print maximum, minimum, and(or) average values for any or all columns (37}. 
Other forms that provide various capabilities to the file manager include the Table Definition, Processing 
and Record Selection, Output Specification, Temporary Field Definition, and Run Control forms. 
Only a few of the characteristics of MARK IV have been mentioned above. It can handle much 
more complicated file structures than the sequential type to be used initially for SODS and should be 
very adequate for the Soils Data System. Figure 9 shows a schematic diagram of the processing phase 
of MARK IV. 
Coding System - Coding instructions and file definition are summarized in Appendix A. They are 
generally self·explanatory and only a few of the basic concepts behind the coding system will be discussed 
in this section of the report. 
The tags or code words for the various attributes were chosen to provide a name that could easily 
be related to the information being stored, Although MARK IV allows up to eight characters for the 
tag, only six characters were used because this is the limit when programming in FORTRAN. 
When the data reaches the file manager, it must be checked as to conformity with the coding 
instructions. Some additional data may be added at this point (identifi9ation number, source of 
information, etc.). Al_l English units of measurement will be converted to the International System of 
Units according to the ASTM Metric Practice Guide prior to storage or in the storage process except 
for the standard gradation sizes (inches), station numbers (100 feet stations), and state plane coordinates 
(feet). 
Both longitude and latitude and state plane coordinates of sample sites are to be stored. The U.S. 
Soil Conservation Service desires the latitude and longitude of a borehole and the Division of Materials 
desires the state plane coordinates. It is much easier to convert the coordinates to both systems prior 
to storage when time is available than it is to do it during retrieval when speed is important. To convert 
from one system to another, SODS will use a computer program obtained from the Cartographic Unit 
of the Soil Conservation Service ( 38}. Constants necessary for the conversion are stored for each zone 
of every state, except Alaska Zones I and 3. Samples tested b)J the Research Division for the SCS 
have been located to the nearest second of latitude and longitude. This is roughly ± 30 meters (100 
feet). The location of highway samples are presently being determined by plotting the station and offset 
of the hole on a USGS I: 24000 topographic map. This also results in a maximum accuracy of about 
± one second. This accuracy is sufficient for most preliminary planning uses of soils data. However, 
the soils of Kentucky vary greatly within a few meters in many places. For other than rough estimating, 
samples must be more accurately located. The means of accurately locating boreholes are available when 
samples are from highway projects. Using horizontal alignment data for the highway, the station number 
and offset distance, and a known coordinate point on the highway, the coordinate of the borehole can 
be accurately calculated. One recommendation of this report will be to establish coordinate points on 
highways where soils data are to be collected or have been collected. Computer programs routinely used 
for obtaining cross sections from terrain models will calculate the coordinate of any point along a road 
if the coordinate of the starting point and the station and the offset of the point in question is given. 
One reason for locating boreholes as accurately as possible is the potential development of a working 
file using SODS as a base. An engineer working on a soils design project could store borehole data 
for a particular site and retrieve it as necessary. If the location was stored only to the nearest second, 
the data probably could not be used for design purposes. However, if the geographical coordinates and 
the depth were accurately stored, it is conceivable that the computer could be used to determine such 
things as critical sections for stability analyses and profiles of the soil layers. 
A file containing up-to-date lists of all the codes and coding instructions for each attribute must 
be maintained in both a notebook and in computer storage for easy reference. Most importantly, 
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Figure 9. MARK IV Processing Phase. 
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identification numbers will be assigned to each sample record entered in the system. The identi
fication 
number is the key field for MARK IV storage procedures and consists of the state number (as long 
as only data from Kentucky is being stored, the state number will be stored but it will not be u
sed 
in retrieval operations), county number, site number, hole number, and sample number. The site, hole, 
and sample number will be assigned by the file manager to uniquely identify each record and 
do not 
refer to any number used in the field or on the uncoded data sheets. 
Any field or combination of fields that uniquely identifies each record may be used as the k
ey 
field in retrieving data by MARK IV. The horizontal location, such as longitude-latitude, stat
e plane 
coordinates, or project number-station-offset, combined with the depth of the sample could be used 
as the key field. 
For much of the data, especially that which is primarily used by the U.S. Soil Conservation Servi
ce, 
the Pedon Coding System was followed where possible. That system, discussed earlier in this
 report, 
is a very extensive coding schema for agriculturally important soil properties and the basi
c index 
engineering properties of soils. It is meant to be a national guideline for SCS soils data ftles a
nd will 
be a potential source of additional soils data. 
As with the Pedon Coding System, standard coding systems were used when possible. Other exampl
es, 
are the FIPS (Federal Information Processing Standards) codes for date and state and the USGS codes 
for bedrock (see Appendix B). New codes may be added for each attribute as long as the code me 
is updated. Care must be taken, however, if codes are altered or new ones added so that the 
existing 
coded data remains consistent with any new codes. 
RETRIEVAL SUBSYSTEM 
The retrieval subsystem supplies desired information to users. The Division of Materials is an excepti
on 
from the other potential users in that they use the same computer system as does the Division of R
esearch 
and therefore could have direct access to SODS. If the direct access method is not used, the
y could 
request information as do other users and have the report supplying the desired information 
printed 
out on their computer terminal. Other users, in the future, could use their own terminals 
to access 
SODS directly. Using Mark IV for data retrieval could be described as simply the reverse of the 
storage 
process. Preprogrammed card decks will be available to process routine requests where a specific
 report 
format is desired. The MARK IV system has self-contained software to space columns, write 
column 
headings, and design other aspects of the report format if the proper file definition and other info
rmation 
were initially stored. For file-cabinet data, copies of pertinent data sheets or specific informatio
n taken 
from the data sheets by the file manager could be sent to the user in response to requests for infor
mation. 
Appendix C contains a simple problem which demonstrates how MARK IV is used in data r
etrieval. 
IMPLEMENTATION 
The Soils Data System designed in this study should be only a base from which to improve a
nd 
expand to meet needs of the future. The design of such a system can only be judged after it has been 
used for a time. The amount and efficiency of the use depends on steps taken to implement the 
system. 
The first step in implementing SODS is the storage of the data previously collected by the Resear
ch 
Division. This data must be converted to proper units and read into storage in accordance w
ith the 
me definition in Appendix A. After storage of these data and completion of the Mark N contro
l cards, 
the system is ready for data retrieval. 
Another implementation step is the collection of additional data. Data routinely will be collect
ed 
from the Research and Materials Divisions. Other sources of data should be contacted and arrang
ements 
made for obtaining their data. 24 
Perhaps the most important phase of implementation is the educa
tion of users and potential users 
of SODS. Potential users should be made aware that the system e
xists and of the ways in which they 
could use it. Agencies that should be notified include the Kentu
cky Department of Commerce, other 
Kentucky Department of Transportation offices, the Kentucky 
Department of Natural Resources and 
Environmental Protection, the Division of Forestry, the Corps of E
ngineers, the University of Kentucky, 
and the University of Louisville. The file manager should review
 the planning and design procedures 
of the Bureau of Highways to see where use of SODS would be 
helpful. Benefits derived from SODS 
can be related directly to the amount it is used. The number of 
users and their efficient use of a Soils 
Data System depends a great deal on the proper implementatio
n of the system. 
Another phase of implementation is the constant reevaluation 
of the system. The file structure, 
the storage media, the file definition, the types of data to be 
collected, and the number and types 
of users are all subject to change with time. In fact, as a Soils Data System becom
es more accepted 
as a tool for planning and research, changes must be made in 
the system as it expands. 
CONCLUSIONS AND RECOMMENDATIONS 
Data from soil tests for a design or construction project are discarded and essentially l
ost to future 
uses in many soils engineering offices when the project is completed. If the data could b
e saved, collected, 
stored in a central file, and retrieved as desired, it could be us
ed to develop preliminary sources of 
information for site investigations, to prepare regional maps 
or data summaries for land use planning! 
and to evaluate new and existing empirical relationships involvin
g soil characteristics and properties. 
To prepare a system for soils data collection, storage, and retriev
al, various types of information 
retrieval systems were studied. To serve a wide range of users, t
he system must store many types of 
soils data. The computerized system is the best method for sto
ring, manipulating, and systematically 
retrieving data in large data files. 
Some data, at least in the early stages of system implementation,
 are not compatible to computer 
coding and storage. Data sheets containing this data will be sto
red in a file cabinet where they can 
be referred to by the computer system. The system should be reeva
luated periodically and the file cabinet 
data coded and computerized when appropriate. 
A generalized computer data base management system, MARK I
V, was chosen for managing the 
computer file. The file was sequentially structured, however, an
d can be querried using conventional 
programming languages. 
A coding system and file definition were designed for the data to
 meet needs of predicted users. 
These should remain easily modified and flexible to meet needs o
f future users. A collection subsystem 
was implemented so that data developed by the Divisions of Res
earch and Materials will be routinely 
added to the data file. 
During )he literature review and development of this Soils Data System, the fo
llowing potential 
uses for the stored soils data were conceived: 
I. preparation of a map showing locations of available data; 
2. preparation of maps showing locations of good and poor c
onstruction materials; 
3. correlation studies of Kentucky soils to include: 
a. permeability versus index tests results, 
b. optimum moisture versus index tests results (see Reference 26 for previou
s research in 
this area), and 
c. CBR versus plasticity index; and 
4. preparation of maps relating soil characteristics, properti
es, and performance to regional 
25 
boundaries (see Reference 25 for previous efforts). 
It is recommended the Division of Research: 
I. work with the U.S. Soil Conservation Service in their efforts to implemen
t a national flle of 
pedon data, 
2. create a computer file similar to information retrieval systems to store c
ontents of soils reports 
written on Kentucky soils, 
3. support a national or regional conference for discussion of soils and rock d
ata systems to include 
standardization of coding systems for exchange of information, 
4. study possible uses and limitations of a working file similar to SODS to 
be used in the design 
phase of active projects (for example, can data from boreholes be stored in the computer 
and soil profile sheets for plans be prepared by the use of a computer pr
ogram?), 
5. support or initiate a system for locating points on the highways of Kent
ucky by state plane 
coordinates, 
6. study methods for rapid compaction control to include the "family of
 curves" method and 
the Bureau of Reclamation method (39, 40} (stored data can be used to create families of 
curves or to check existing curves), and 
7. contact the SCS soil engineering laboratories and other potential source
s of soils information 
to obtain additional data. 
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APPENDIX A 
FILE DEFINITION AND CODING INSTRUCTIONS 
29 
z ~ ~ ~"' 0 9~ g 9 ;§"' FIELD !:liS "' ~~ INSTRUCTIONS -ATTRIBUTE NAME .._,_, "' "' AND REMARKS 
State STATE 2 N 
0 Use FIPS (Federal Information Processing Standards) 
codes as follows: 
NAME ABBREVIATION CODE 
ALABAMA AL 01 
ALASKA AK 02 
AMERICAN SAMOA AS 03 
ARIZONA AZ 04 
ARKANSAS AR 05 
CALIFORNIA CA 06 
CANAL ZONE cz 07 
COLORADO co 08 
CONNECTICUT CT 09 
DELAWARE DE 10 
DISTRICT OF COLUMBIA DC 11 
FLORIDA FL 12 
GEORGIA GA 13 
GUAM GU 14 
HAWAII HI 15 
IDAHO ID 16 
ILLINOIS IL 17 
INDIANA IN 18 
IOWA lA 19 
KANSAS KS 20 
KENTUCKY KY 21 
LOUISIANA LA 22 
MAINE ME 23 
MARYLAND MD 
24 
MASSACHUSETTS MA 25 
MICHIGAN Ml 26 
MINNESOTA MN 27 
MISSISSIPPI MS 28 
MISSOURI MO 29 
MONTANA MT 30 
NEBRASKA NE 3! 
NEVADA NV 32 
NEW HAMPSHIRE NH 33 
NEW JERSEY NJ 34 
NEW MEXICO NM 35 
NEW YORK NY/ 36 
NORTH CAROLINA NC 37 
NORTH DAKOTA ND 38 
OHIO OH 39 
OKLAHOMA OK 40 
OREGON OR 41 
PENNSYLVANIA PA 42 
PUERTO RICO PR 43 
RHODE ISLAND Rl 44 
30 
SOUTH CAROLINA sc 45 
SOUTH DAKOTA SD 46 
TENNESSEE TN 47 
TEXAS TX 48 
UTAH UT 49 
VERMONT VT so 
VIRGINIA VA 51 
VIRGIN ISLANDS VI 52 
WASHINGTON WA 53 
WEST VIRGINIA wv 54 
WISCONSIN WI s
s 
WYOMING WY 56
 
County co 3 3 
N 0 Counties are listed alphabetically 
and numbered 
sequentially from 001 to 120. 
Site SITE 6 3 
N 0 Numbers are assigned sequentially to 
each project site 
within each county. 
Hole Number HOLE 9 3 
N 0 An unique number is assigned sequentially
 tO each hole 
at each site. 
Sample Number SMPLNO 12 2 
N 0 An unique number is assigned sequentially
 to each 
sample obtained from each hole. 
Date Sample DATE 14 6 
N 0 The Calendar Date is represented by 
a numeric code 
Tested DATEYR 14 2 
N 0 of six consecutive positions that repres
ent (from left to 
DATEMO 16 2 N 0 right
), the year, the month, and the day, as identified 
DATED A 18 2 N 0 by 
the Gregorian Calendar. 
The frrst two positions represent the units and tens 
identification of the year. For example, the year 19
14 
is represented as 14; the year 1915 by 15. 
The third and fourth positions represent the 
months of the year, i.e. 
MONTH CODE MONTH CODE 
January 01 July 07 
February 02 August 08 
March 03 September 09 
April 04 October 10 
May OS 'November II 
June 06 December 12 
The fifth and sixth positions represent the days of 
the month, expressed as 0 l through 31. 
Examples of Calendar Date coding are: December 
l, 1909 is coded as 091201; January 31, 1964 is cod
ed 
as 640131; 1967 January IS is coded as 670115. 
USGS Map USGSMP 20 4 N 
0 Enter the number of the USGC geologic 
map on which 
Number 
the sample hole is located. 
Longitude WNG 24 8 N 2
 The longitude of the sample hole will b
e described to 
WNGDE 24 2 N 0 the nea
rest hundreth of a second. Examples are: 
WNGMl 26 2 N 0 82° 
34' 1711 82341700 
WNGSE 28 4 N 2 86
° 06' 47.1" 86064710 
89° 00' 01.22" = 89000122 
Latitude LAT 32 8 N 
2 The latitude of the sample hole will be describ
ed in the 
LATDE 32 2 N 0 sam
e manner as longitude. 
LATMI 34 2 N 0 
LATSE 36 4 N 2 
31 
State Plane 
Coordinate 
Zone 
STPLZN 
State Plane Coordi- STPLEW 
nate, East w West 
State Plane Coordi- STPLNS 
nate, North - South 
Location LOCACC 
Accuracy 
State Project 
Prefix 
Stute Project 
County Number 
State Project 
Section Number 
State Project 
Subsection 
Number 
Stute Project 
Number 
federal Project 
Number 
Federal Project 
Prefix 
Federal Project 
Control Number 
Federal Project 
Operational No. 
Division of 
Materials 
Lab Number 
STPJPR 
STPJCO 
STPSE 
STPJSU 
STPJ 
FEPJ 
FEPJPR 
FEPJCN 
FEPJON 
DIVMLN 
40 
41 7 
48 7 
55 3 
58 2 
60 3 
63 4 
67 5 
60 14 
72 II 
72 4 
76 4 
80 5 
83 5 
N 0 
N 0 
N 0 
N 0 
A 
N 0 
N 0 
A/N 
A/N 
A/N 
A 
N 0 
N 0 
N 0 
In Kentucky, there are two zones: 
1 •• North Zone 
2 ·• South Zone 
The distance in feet east of the established base line. 
The distance in feet north of the established base line. 
Estimate the number of meters by which the accuracy 
of the horizontal location of the borehole was 
determined. 033 meters is approximately ±t.O second 
longitude or latitude: ... etc. NOTE: Even though the 
accuracy of the true hole location may be very poor, 
the location of one hole relative to the other holes at 
a particular site could be within an accuracy of ± 1 
meter. For this reason, the state plane coordinates might 
be listed to the nearest foot and the accuracy of the 
hole location be ± 30 meters. 
Examples: 
± 3 111 •. locations determined by using the 
horizontal alignment and equations 
of a road and the known state· plane 
coordinates of a point on the road 
to calculate the needed .Jocation. 
± 30 m -· location determined by plotting 
known station and offset of a hole 
hole topographic map ( 1:24,000 
scale) on which the road is already 
mapped. 
± I 00 m ·- Same as above except road must 
also be plotted. 
± 500 m -· USGS map used as above and 
station estimated from soil profile. 
Project numbers are primarily those assigned by the 
Kentucky Bureau of Highways. For projects·other than 
those of the Bureau of Highways, "XX" will be stored 
for STPJPR to indicate that the project number was 
not a highway project number. Examples :>f state 
highway project numbers arc: 
SP 21-330-ICI SP0210033001CI 
RS 33-012!-IC2 RS0330121001C2 
AI' 27-166-3Ll 
Examples of federal 
F 5 52 (12) 
APD 642 (33) 
I 275 (19) 
AP0270166003Ll 
project numbers: 
OOOF0552012 
OAPD0642033 
00010275019 
Laboratory number assigned by the Division of Materials 
or Division of Research. 
Type ot 
Project 
Station 
Number 
Type of 
Station 
Number 
Offset 
Offset 
Direction 
Soure of 
Information 
Ground Surface 
Elevation 
Method of 
Obtaining 
Sample 
TYPRJT 
STANO 
TSTANO 
OFFSET 
OFFDIR 
SOURCE 
GRELEV 
SAMT!ID 
88 2 N 0 
90 7 N 0 
97 N 0 
98 4 N 0 
102 I N 0 
103 3 N 0 
106 5 N 
110 3 N 0 
1 mo unknown 
2 •• highway embankment foundation 
3 - bridge pier foundation 
4 - "bridge approach embankment foundation 
5 •• building foundation 
6 -- highway embankment 
7 --
8 -
9 -- etc. thru 99 
Station number on the centerline or baseline, used to 
reference the sample hole location, to the nearest foot. 
Examples: 
Sta 9362+25.1 
Sta 23+01 
Sta 13622+11.01 
0 -- not checked 
1 .. unknown 
2 •• centerline 
3 - baseline 
= 
= 
0936225 
0002301 
1362211 
Distance perpendicular from centerline or baseline to 
sample hole, to the nearest foot. 
1 -- unknown 
2 -- right 
3 -- left 
001 ·· Division of Research, Kentucky Bureau of 
Highways 
002 - Division of Research, Kentucky Bureau of 
Highways (for U.S. Soil Conversation Service) 
003 -- Division of Materials, Kentucky Bureau of 
Highways 
004 •• Corps of Engineeris, Louisville District 
005 •• University of Kentucky 
006 -- Consultant I 
007 •• Consultant 2 
008 --
009 --
010 -- etc. through 
999 •• other contributing agencies 
Ground elevation at the top of the sample hole, to the 
nearest tenth of a meter. 
Code the method of obtaining the sample using 10-29 
for disturbed samples and 30-99 for undisturbed 
samples: 
10 •• disturbed sample, method unknown 
11 - pit sample 
12 •• auger sample 
13 •• wash boring 
14 •• split barrel sample 
15 •• etc. through 29, other method of disturbed 
sampling 
30 •. undisturbed sample, method unknown 
31 80 thin walled tube sample 
32 •• piston sampler 
33 ··etc. through 99, other methods of undisturbed 
sampling 
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Depth 
Represented 
by Sample 
Unknown Sample 
Depth 
Indicator 
Depth to Top 
of Horizon 
Depth to Bottom 
of Horizon 
Unknown ·Horizon 
Depth Indicator 
Horizon 
Designation 
Slope 
Depth of Rock 
Desintergration 
Zone 
Depth to 
Rock 
Unknown Rock 
Depth 
Indicator 
Depth to 
Water Table 
In situ 
Moisture Content 
In situ 
Density 
Soil Series 
Name 
DEPSAl 114 4 
DEPSA2 118 4 
UNDPSA 122 1 
DPTHTH 123 4 
DPTHBH 127 4 
UNDPBH 131 1 
HORDES 132 10 
SWPE 142 5 
DPHRDZ 147 4 
DPTHRK 151 4 
UNDPRK 155 1 
DPTHWT 156 4 
INSMC 160 2 
INSDEN 162 4 
SERIES 166 18 
N 
N 
N 0 
N 0 
N 0 
A/N 
A/N 
A/N 
N 
N 
N 0 
N 
N 0 
N 0 
A 
Depth from ground surface to the highest elev
ation 
represented by the sample, to the nearest tenth
 of a 
meter. If only one depth is given, list as both DEPS
AI 
and DEPSA2. 
Code the same as DEPSAl, except record the de
pth at 
the lowest elevation represented by the sample 
Does the . soil represented by the sample extend -be
low 
the depth given as DEPSA21 
1 -- unknown 
2 -· yes 
3 -- no 
Depth from ground surface to top of soil horizon, 
to 
the nearest centimeter. 
Depth from ground surface to bottom of soil ho
rizon, 
to the nearest centimeter. 
Does the soil represented by the sample extend 
below 
the depth given as DEPTBH? 
1 -- unknown 
2 -- yes 
3 -- no 
Horizon designation as listed in the soil descrip
tion. 
Percent of slope of ground surface at hole locati
on, as 
shown in the following examples: 
3% = 0 3 
33% = 3 3 
11 to 16% 
0 to 3% 
=11·16 
=00·03 
Depth from grvund surface to top of 
rock 
desintergration zone, to nearest tenth of a mete
r. 
Depth from ground surface to top of rock, to the n
earest 
tenth of a meter. 
Indicate whether the depth given as DPTHRK wa
s the 
true depth to rock or a minimum depth: 
1 ·· true depth 
2 ·· minimum depth 
3 ·· not known whether minimum or true depth
. 
Depth from ground surface to the water table, t
o the 
nearest tenth of a meter. 
In s\tu (natural) moisture content determined by ASTM 
D 2216, to the nearest percent. 
In situ (natural) dry density, to the nearest kilogram 
per cubic meter. 
Enter the full name uncoded. If the pedon has not
 been 
assigned a name, enter the Soil Survey sample nu
mber. 
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Horizon 
Texture 
HORTEX 184 5 A Enter the surface horizon texture given in the SCS
 
description according to the following code. If a range 
of texture is reported, such as silt loam to loam, or 
two textures are reported, enter the one listed first. This 
is not the textural classification determined by 
laboratory tests on the sample but part of the 
description of the soil, such as the Maury silt loam: 
G gravel 
SG sandy gravel 
S sand 
COS coarse sand 
FS fine sand 
VFS very fine sand 
LCOS loamy coarse sand 
LS loamy sand 
LFS loamy fme sand 
LVFS loamy very fine sand 
COSL coarse sandy loam 
SL sandy loam 
FSL fine sandy loam 
VFSL very fine sandy loam 
LL light (coarse) loam 
L loam 
HL heavy (fine) loam 
LSIL light (coarse) silt loam 
SIL silt loam 
HSIL heavy (fine) silt loam 
SI silt 
SCL sandy clay loam 
COSCL .. coarse sandy clay loam 
LCL light (coarse) clay loam 
CL clay loam 
HCL heavy (fine) clay loam 
LSICL light (coarse) silty clay 
SICL silty clay loam 
HSICH heavy (fine) silty clay loam 
sc sandy clay 
LSIC light (coarse) silty clay 
SIC silty clay 
HSIC heavy (fine) silty clay 
LC light (coarse) clay 
c clay 
HC heavy (fine) clay 
X complex 
CE coprogenous earth 
DE diatomaceous earth 
FB fibric material 
FM fragmental material 
HM hemix material 
ICE ice or frozen soil 
MARL marl 
MUCK muck 
MPT mucky peat 
OPWB oxide-protected weathered bedrock 
PDOM partially decomposed organic 
matter 
PEAT peat 
SP sapric material 
UDOM undecomposed organic matter 
u unknown or inapplicable 
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Physiographic 
Region 
Primary 
Color of 
Sample 
PHYREG 
PCOLOR 
189 2 N 0 
191 4 A 
UWB unweathered bedrock 
WB weatheied bedrock, saprolite, or 
grus 
Physiographic region from which the sample was 
obtained: 
01 -- Purchase 
02 -- Western Coalfield 
03 .• Western Pennyroyal 
04 .. Eastern Pennyroyal 
OS -- Knobs 
06 - Outer Bluegrass 
07 .. Inner Bluegrass 
08 .• Eastern Coalfield 
Primary color of the sample: 
BGY bluish gray 
BK black 
BN brown 
BYW brownish yellow 
DBN dark brown 
DBGY dark bluish gray 
DGY dark gray 
DGBN dark grayish brown 
DGGY dark greenish gray 
DOL dark olive 
DOGY dark olive gray 
DRD dark red 
DRBN dark reddiSh brown 
ORGY dark reddish gray 
DURD dusky red 
DYBN dark yellowish brown 
GBN grayish brown 
GGY greenish gray 
GGN grayish green 
GN green 
GY gray 
LBGY light bluish gray 
LBN light brown 
LBNG light brownish gray 
LGGY light greenish gray 
LGY light gray 
LOBN light olive brown 
LOGY light olive gray 
LRD light red 
LRBN light reddish brown 
LYBN light yellowish brown 
OBN olive brown 
OL olive 
OGY olive gray 
OYW olive yellow 
PBN pale brown 
PGN pale green 
POL pale olive 
PRD pale red 
PYW pale yellow 
PGY pinkish gray 
PI<; pink 
PWH pinkish white 
RBK reddish black 
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Secondary 
Structure 
Type 
Secondary 
Structure 
Color 
Weathering of 
Parent or Under-
lying Material 
Mode of 
Accumulation 
of Parent or 
Underlying 
Material 
Origin or 
Source of 
SECSTR 
SCOLOR 
PMWEAT 
PMMDAC 
PMORGN 
195 I N 0 
196 4 A 
200 I A 
201 A 
202 4 A/N 
RBN reddish brown 
RD red 
RGY reddish gray 
RYW reddish yellow 
SBN strong brown 
VDBN very dark brown 
VDGY very dark gray 
VDGB very dark grayish brown 
VDRD very dark red 
VPBN very pale brown 
VURD very dusky red 
WRD weak red 
WH white 
YBN yellowish brown 
YRD yellowish red 
YW yellow 
0 .. structure unknown 
1 -- no secondary structure or color 
2 -- no secondary structure but two distinct colors in 
sample 
3 -- mottles 
4 -- lamellae 
5 -- bands 
6 -- pockets 
7 -- tonguing 
8 -- interfingering 
If there is no secondary structure but two distinct colors 
in sample, code SECSTR as 2 and code the second color 
here. Otherwise, code the color of the secondary 
structure using the same system as for the Primary 
Color. 
Estimated degree of weathering of parent material: 
H -- highly weathered 
P -- partly weathered 
S -- slightly weathered 
U -- unspecified (no information about weathering) 
N -- not known 
A -- alluvium (including fans and pedisediment) 
E -- eolian, mixed or undifferentiated 
H -- eolian, ash 
W -· eolian, loess 
S -- eolian, sand 
D -- glacial drift 
G -- glacial outwash 
T ·· glacial till 
L -· lacustrine (including glacio-lacustrine) 
M -· marine 
0 ·· organic sediments 
X -· residual material, local colluvium, or soliflucate 
R -- solid rock (also includes material such as shale and 
limestone under paralithic or lithic contact) 
U -- unconsolidated mineral sediments, unspecified 
(including "Coastal Plains") 
Select from the description and enter one or two, 2-digit 
codes from the following table: 
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Accumulations YO 
or Deposits YI 
of Parent or 
Y2 
Underlying 
Y3 
Material 
Y4 
II 
12 
I3 
I4 
IS 
I6 
I7 
18 
so 
SI 
S2 
co 
Cl 
C2 
AO 
AI 
A2 
A3 
A4 
HO 
HI 
H2 
TO 
T1 
T2 
LO 
L1 
L2 
L3 
L4 
LS 
L6 
L7 
LS 
PO 
PI 
P2 
P3 
P4 
PS 
P6 
P7 
PS 
P9 
MO 
Ml 
M2 
M3 
M4 
MS 
M6 
M7 
lithology and composition unknown or generalized 
noncalcareous or acid " 
calcareous 
mixed lithology, unspecified 
igenous, meatmorphic, and sedimentary 
coarse (or intrusive), unspecified 
basic (including gabbro, nepheline rocks, peridotite, 
etc.) 
intermediate (including granodiorite, monzonite, 
tonalite, diorite, etc.) 
acid (including granite, etc.) 
fine (or extrusiive ), unspecified 
basic (including basalt, etc.) 
intermediate (including andesite, etc.) 
acid (including rhyolite, trachyte, etc.) 
sedimentary rocks, unspecified 
marl, unspecified 
glauconite, unspecified 
conglomerate, unspecified 
noncalcareous 
calcareous 
sandstone, unspecified 
noncalcareous 
arkosic 
other noncalcareous 
calcareous 
shale, unspecified 
non calcareous 
calcareous 
siltstone, unspecified 
noncalcareous 
calcareous 
limestone, either unspecified or calcite 
chalk 
marble 
dolomitic 
phosphatic 
arenaceous (sandy) 
argillaceous (shaly) 
cherty, unspecified or calcitic 
cherty, dolomitic 
pyroclastic, unspecified 
tuff, unspecified (including ignombrites) 
acidic 
basic 
volcanic breccia, unspecified 
acidic 
basic 
ash, unspecified (including pumice and cinder) 
acidic (including rhyolitic ash) 
basic (including basaltic and 
andesitic ash) 
methamorphic, unspecified 
gneiss, unspecified 
acidic 
basic 
serpentine 
schist and phyllite, unspecified 
acidic 
basic 
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Geology Infor· 
mation Source 
Bedrock 
Geologic Age 
of Bedrock 
Geologic Name 
of Bedrock 
Geologic 
Sequence 
Number 
Geologic Rank 
of Bedrock 
Shrinkage 
Limit 
Shrinkage 
Ratio 
Particle-Size 
Distribution 
(Sieve) 
Dispersing 
Agent 
Particle-Size 
Distribution 
(Hydrometer) 
GEOSRC 
BEDRCK 
GEOAGE 
GEONAM 
GEOSEQ 
GEORNK 
SL 
SR 
PSDS 
PSDS1 
PSDS2 
PSDS3 
PSDS4 
PSDS5 
PSDS6 
PSDS7 
PSDS8 
PSDS9 
DSPAGT 
PSDH 
PSDH1 
PSDH2 
PSDH3 
PSDH4 
PSDH5 
206 1 
207 10 
207 3 
210 4 
214 2 
216 1 
217 2 
219 2 
221 27 
221 3 
224 3 
227 3 
230 3 
233 3 
236 3 
239 3 
242 3 
245 3 
248 
249 15 
249 3 
252 3 
255 3 
258 3 
261 3 
N 0 
A/N 
N 0 
A 
N 0 
A/N 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
N 0 
M8 slate 
M9 quartzite 
BO interbedded, unspecified 
Bl limestone, sandstone, and shale, w/wo siltstone 
B2 limestone and sandstone 
B3 limestone and shale 
B4 limestone and siltstone 
BS sandstone and shale 
86 sandstone and siltstone 
B7 shale and siltstone 
1 ·· from boring log 
2 ·· estimated from USGS geologic maps 
Bedrock as determined by boring or as estimated from 
USGS geologic maps. 
See USGS Coding- System in Appendix B. 
See USGS Coding System in Appendix B. 
See USGS Coding System in Appendix B. 
The geologic rank has not be defined. This space is 
reserved for added capability for specifying Kentucky 
geology. 
Shrinkage limit as determined by ASTM D 427, to the 
nearest percent. 
Shrinkage ratio as determined by ASTM D 427, to the 
nearest percent. 
PerCent of sample passing the following sieve sizes, to 
the nearest percent, as determined by ASTM D 422: 
1 1/2 inch 
1 inch 
3/4 inch 
3/8 inch 
No.4 
No. 10 
No. 40 
No. 60 
No. 200 
Dispersing agent used in particle-size analysis of soil: 
1 .. Na2sio2 
2 ·· calgon (sodium hexametaphosphate solution) 
3 ·· unknown 
Percent of sample smaller that the following size, to the 
nearest percent, as determined by ASTM D 422: 
.OS mm 
.02 mm 
.005 mm 
.002 mm 
.001 mm 
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Type of 
Dispersion 
Devife 
Specific 
Gravity 
Method of 
Standard 
Moisture-
Density 
Test 
TYPDDV 
SG 
MESDEN 
Standard Maximum SMXDEN 
Dry Density 
Standard Optimum 
Moisture 
Content 
Points on 
Standard 
Moisture-
Density 
Curve 
Method of 
Modified Moisture 
Density Test 
Modified Maximum 
Dry Density 
Modified Optimum 
Moisture Content 
Reported CBR 
Value 
(Unsoaked) 
Reported CBR 
Value 
(Soaked) 
SOPMST 
SMDC 
SMDCl 
SMDC2 
SMDC3 
SMDC4 
SMDCS 
SMDC6 
SMDC7 
SMDC8 
SMDC9 
SMDClO 
MEMDEN 
MMXDEN 
MOPMST 
CBRU 
CBRS 
264 1 
265 3 
268 1 
269 4 
273 3 
276 4 
280 3 
283 4 
287 3 
290 4 
294 3 
297 4 
301 3 
304 4 
308 3 
311 
312 4 
316 3 
319 3 
322 3 
N 0 
N 2 
N 0 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
0 
0 
1 
0 
1 
0 
1 
0 
1 
0 
0 
0 
Type of dispersion device used in hydrometer test: 
1 ·· high speed mechanical 
2 -· air dispersion 
3 -- unknown 
Specific gravity as de'termined by ASTM D 854, to the
 
nearest hundredth. 
Method in ASTM D 698 used to determine the
 
"standard" moisture-density relationship: 
1 -- Method A · 
2 ·· Method B 
3 ·· Method C with +3/4" material discarded 
4 ·· Method C with · 2" to + 3/4" material discarded 
5 ·· Method D with +3/4" material discarded 
6 ·· Method D with -t' to + 3/4" material discarded 
7 ·· unknown 
Maximum dry density as determined by ASTM D 698
, 
to the nearest kilogram per cubic meter. 
Moisture content at the maximum dry density a
s 
determined by the ASTM 0 698, to the nearest tenth
 
of a percent. 
Densities and moisture contents recorded in the same
 
manner as the maximum density and optimum moisture
. 
Dry density at point I. 
Moisture content at point 
Dry density at point 2 
Moisture content at point 2 
Dry density at point 3 
Moisture content at point 3 
Dry density at point 4 
Moisture content at point 4 
Dry density at point 5 
Moisture content at point 5 
(If there are only four points, leave SMDC9 and 
SMDC!O blank.) 
Method in ASTM D 1557 used to determine the
 
"modified" moisture-density relationship (code same as 
for MESDEN). 
Maximum dry density as determined by ASTM D 1557,
 
to the nearest kilogram per cubic meter. 
Moisture content at the maximum dry density a
s 
determined by ASTM D 1557, to the nearest tenth of
 
a percent. 
Unsoaked CBR value, to the nearest tenth. 
Soaked CBR value, to the nearest tenth. 
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CBR Values 
(Unsoaked) 
CBR Values 
(Soaked) 
Type of 
CBR Test 
Dry Density, 
First 
Penetration 
CBRU1 
CBRU2 
CBRU3 
CBRU4 
CBRU5 
CBRS1 
CBRS2 
CBRS3 
CBRS4 
CBRS5 
TYPCBR 
DDFCBR 
Moisture Content MCFCBR 
at First Penetration 
Dry Density, 
Second 
Penetratiort 
DDSCBR 
Moisture Content MCSCBR 
of Entire Sample 
at Second Penetration 
Moisture Content MCTOP 
of the Top Inch 
of the Sample at 
Second Penetration 
Swell Data 
(Amount ari.d Time) 
SWTME1 
SWAMTl 
SWTME2 
SWAMT2 
SWTME3 
SWAMT3 
SWTME4 
SWAMT4 
SWTME5 
SWAMT5 
SWTME6 
SWAMT6 
Type of TYPLL 
Liquid Limit Test 
Liquid Limit LL 
325 3 
328 3 
331 3 
334 3 
337 3 
340 3 
343 3 
346 3 
349 3 
352 3 
355 
356 4 
360 3 
363 4 
367 3 
370 3 
373 3 
376 5 
381 3 
384 5 
389 3 
392 5 
397 3 
400 5 
405 3 
408 5 
413 3 
416 5 
421 
422 3 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 0 
N 0 
N 
N 0 
N 
N 
N 0 
N 2 
N 0 
N 2 
N 0 
N 2 
N 0 
N 2 
N 0 
N 2 
N 0 
N 2 
N 0 
N 0 
Unsoaked CBR values, at the depths of penetration 
listed, to the nearest tenth: 
Unsoaked CBR value at 0.1-in. pentration 
Unsoaked CBR value at 0.2-in. penetration 
Unsoaked CBR value at 0.3-in. penetration 
Unsoaked CBR value at 0.4-in. penetration 
Unsoaked CBR value at 0.5-in. penetration 
Soaked CBR values, at the depts of penetration listed, 
to the nearest tenth: 
Soaked CBR value at 0.1-in. penetration 
Soaked CBR value at 0.2-in. pentration 
Soaked CBR value at 0.3-in. penetration 
Soaked CBR value at 0.4-in. penetration 
Soaked CBR value at 0.5-in. penetration 
1 .. Kentucky CBR Test Method 
2 -- ASTM D 1883 
Dr)r density of the sample at the time of the first 
penetration in the CBR test, to the nearest kilogram 
per cubic meter. 
Moisture content at the time of the first penetration 
in the CBR test, to the nearest tenth of a percent. 
Dry density of the sample at the time of the second 
penetration in the CBR test, to the· nearest kilogram 
per cubic meter. 
Moisture content of the sample after the second 
penetration in the CBR test, to the nearest tenth of 
a percent. 
Mositure content of the top one inch of the soaked 
sample after the penetration, to the nearest tenth of 
a. percent. 
Time is recorded in whole days; the amount of swell 
is recorded to the nearest hundreth of a millimeter: 
Time of first reading 
Swell at first reading 
Time of second reading 
Swell at second reading, etc. 
The last recorded SWTME and SWAMT are the total 
elapsed time and total swell. If there were only four 
sets of readings, SWTMES and SWTME6 and SWAMTS 
and SWAMT6 would be blank. If there are more than 
six sets of readings available six representative readings 
will be stored. 
0 ·· No Atterberg limits performed 
I -- ASTM D 423 Method 
2 ·· AASHTO T 89 (one point) method 
3 -- Non-plastic sample 
If no test was performed or the material was non-plastic, 
leave blank. Liquid limit recorded to the nearest percent. 
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l.iquid Limit Number of blows
 and mositure content to the nearest 
Points tenth of a perc
ent: 
LLPBS1 425 2 N 0 Number of blows for point 1 
LLPMS1 427 4 N 1 Moisture content for point I 
LLPBS2 431 2 N 0 Number of blows for point 2 
LLPMS2 433 4 N 1 Moisture content for point 2 
LLPBS3 437 2 N 0 Number of blows for point 3 
LLPMS3 439 4 N Mositure content for point 3 
Plasticity PI 443 3 N 0 Plasticity index as determi
ne by the ASTM D 424, to 
Index the nearest perce
nt. 
Unified UNIFJD 446 5 A/N Classification as 
determined by ASTM D 2487. 
Classification 
AASHTO AASHTO 451 10 A/N Classification as deter
mined by AASHTO M 145, to 
Classification include Group In
dex. 
Examples: ~ ~ 1 ::_ §. - .[J_ ])_ 
~ ~ L L !Q.ll_ 
L '! __ - JO.Jl. 
Method of MDTXCL 461 1 N 0 Method o
f textural classification: 
Textural 
1 -- Bureau of Public Roads (charts as used by the 
Classification 
Division of Materials, Kentucky Bureau of 
Highways) 
2 ·· USDA Chart 
3 .. 
4 .. 
9 .. 
Textural TEXCL 462 5 A 
Textural classification coded as follows: 
Clssification 
G gravel 
SG sandy gravel 
s sand 
cos coarse sand 
FS fine sand 
VFS very fine sand 
LCOS loamy coarse sand 
LS loamy sand 
LFS loamy fine sand 
LVFS loamy very fine sand 
COSL coarse sandy loam 
SL sandy loam 
FSL fine sandy loam 
VFSL very fine sandy loam 
LL light (coarse) loam 
L loam 
HL heavy (fine) loam 
LS1L light (coarse) silt loam 
S1L silt loam 
HS1L heavy (fine) silt loam 
Sl silt 
SCL sandy clay loam 
COSCL .. coarse sandy clay loam 
LCL light (coarse) clay loam 
CL clay loam 
HCL heavy (fine) clay loam 
LS1CL light (coarse) silty clay loam 
SICL silty clay lqam 
HSICL heavy (fine) silty clay loam 
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Triaxial Data 
Availability 
Direct 
Shear Data 
Availability 
Permeability 
Data 
Availability 
Consolidation 
Test Data 
Ava ila bili ty 
Unconfined 
Compression 
Test Data --
Length of Sample 
Diameter 
of Sample 
Rate of 
Strain 
Shear Stress 
at Failure 
Moisture 
Content 
TRXDAV 
DSHDAV 
PRMDAV 
CNSDAV 
UNCFLS 
UNCFDS 
UNCFRS 
UNCFSS 
UNCFMC 
467 I N 0 
468 I N 0 
469 I N 0 
470 I N 0 
471 3 N 0 
474 3 N 0 
477 3 N 
480 5 N 0 
485 2 N 0 
sc 
LSIC 
SIC 
HSIC 
LC 
c 
HC 
X 
CE 
DE 
sandy clay 
light (coarse) silty clay 
silty clay 
heavy (fine) silty clay 
light (coarse) clay 
clay 
heavy (fine) clay 
complex 
coprogenous earth 
diatomaceous earth 
fibric material 
fragmental material 
hemic material 
ice or frozen soil 
marl 
muck 
mucky peat 
FB 
FM 
HM 
ICE 
MARL 
MUCK 
MPT 
OPWB 
PDOM 
oxide-protected weathered bedrock 
partially decomposed organic 
matter 
peat 
sapric material 
undecomposed organic matter 
unknown or inapplicable 
unweathered bedrock 
PEAT 
SP 
UDOM 
u 
UWB 
WB weathered bedrock, saprolite, or 
grus 
0 -- unknown 
1 -- no data available 
2 -- data available 
0 -- unknown 
-- no data avaiable 
2 -- data available 
0 -- unknown 
-- no data available 
2 -- data available 
0 -- unknown 
I -- no data available 
2 -- data available 
Length of unconfined compression sample 
prior to 
loading, to the nearest millimeter. 
Diameter of unconfined compression sample pri
or to 
loading, to the nearest millimeter. 
Rate of strain of unconfined compression test, t
o the· 
nearest tenth of a percent per minute. 
Shearing stress at failure of unconfined compres
sion test, 
to the nearest kilo-Pascal (kPa). 
Moisture content of the unconfined compressio
n 
specimen, to the nearest percent. 
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Dry Density UNCFDD 487 4 N 0 
Dry density of the unconfined compression specimen, 
to the nearest kilogram per cubic meter. 
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USGS CODING INSTRUCTIONS FOR BEDROCK 
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USGS CODING INSTRUCTIONS FOR BEDROCK 
The coding system described in this appendix was 
partially developed by the American Association of 
Petroleum Geologists in 1967*. Their coding system was 
later adopted by the US Geological Survey with some 
modification.** In the coding system used in SODS, an 
additional column has been added for more detailed 
descriptions, if needed. 
The AAPG originally agreed on the following 
requirements for a standard code: 
I. that it uniquely identify all rock·stratigraphic 
units; 
2. that it be reasonably short for storage purposes 
and for the benefit of individuals using it; 
3. that it be clearly arranged, easily understood, 
and easily used; 
4. that it be readily recognizable with only a 
four·alpha mnemonic so that a geologist will not have 
to refer continuously to a table; 
5. that it be easily expandable to include greater 
d~Jail if desired by any organization without destroying 
the basic logic; and 
6. that it be applicable throughout North America. 
The AAPG concluded the code should include basic 
information only, and that each organization may add 
to its own system more detailed information as needed 
for its requirements. Basically, the code identifies the 
rock~stratigraphic unit and at the same time gives an 
approximate age designation. The Committee 
emphasized the need for the code to apply to the 
smallest mappable unit. Also, the same coding system 
could be used for encoding time·stratigraphic units. 
Beyond that, the many facets of information dealing 
with rock·stratigrphic units should be coded by each 
organization. Because uses vary widely, it was felt 
undesirable to make an expanded code that would never 
be used on a continental scale. 
The schema selected is an eight·digit code. The first 
three digits are for Erathem, System, and Series 
(time·stratigraphic units). They are numbered from 
youngest to oldest because this procedure (I) follows 
the order of the reading of the printed page, (2) follows 
the drilling and reporting of depths, (3) conforms with 
the usual sequencing of other data, and (4) provides 
unlimited numbers for use in the Precambrian as 
stratigraphic units are distinguished. This approach to 
coding was recommended by the Canadian National 
Advisory Committee on Research in the Geological 
Sciences, which made a study on the storage and 
retrieval of geological data in Canada. The series digit 
includes both provincial and formal series. 
NUMEIUC SYSTEM Of COOING RECOMMENDED BY CO
MMITIEE ON STANDARD 
STRATIGRAPHIC CODING, THE AMERICAN ASSOCIATION O
F PETROLEUM GEOLOGISTS• 
ERA THEM 
Cenuwic 
Mesnzoic 
Precambrian 
SYSTEM 
Quaternary 0 
' 
Tertiary 0 
' 
Cretaceous 0 
Jurassic 0 
Tnassio 0 
Permian 0 
Pennsylvanian 0 
' 
Missi<<lppian 0 
' 
Devonian 0 
Silurian 0 
' 
Ordovician 0 
Cambrian 0 
FORMAL AND 
PROVINCIAL SERIES 
Recent 
Pleistocene 
1 Pliocene 
Miocene 
Oligocene 
Eoe<ne 
Paleocene 
I Upper 
2 Gulf 
7 Lowor 
8 C'o1nonchc 
9 Coahuila 
Upper 
Middle 
Lower 
Upper 
Middle 
Lower 
I Upper 
Ochoa 
3 Guadolupc 
1 Lower 
8 Lco.,.~rd 
9 Wolfcamp 
Upper 
2 Virgil 
3 Missouri 
4 Middle 
5 DosMoincs 
6 Atoka 
1 Lowe~ 
8 Morrow 
1 Upper 
2 Chester 
3 Meramec 
7 Wwer 
8 Osage 
9 Kinderhook 
Upper 
2 Chautauquan 
3 Scnecan 
4 Middle 
5 &ian 
7 Lower 
B Ulsterian 
Upper 
2 Cayugan 
4 Middle 
5 Niagoran 
1 Lower 
8 Ale~andrian 
I Upper 
2 Cincinnn1ion 
4 Middle 
5 Champloinian 
1 Lower 
H Canadian 
l Upper 
MidUic 
Lower 
CODE 
'"' 
'" 
"' 
'" 
'" 
'" 
"' 
"' 
'" 
'" 
200 
210 
211 
"' m 
2!8 
"" no 
"' 234 
m 
311 
3!1 
"' m 
318 
"" 
*In those syslems where provincial "'Ties have been establish
ed, in addi!ion to the formal series, 
lho number I stands for lhc forn,al series Upper, nurnbor 4 
for Middle, and number 7 for Lower. 
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The next four digits include an alphabetic 
mnemonic code which designates the stratigraphic unit. 
The abbreviation of the term is obtained by the 
''modified Franklin method''. 
The last column is used solely for terms modifying 
the stratigraphic unit. For example, the Bromide 
Formation of Ordovician age may have the "basal 
sandstone11 designated in the records and "basal" could 
be coded in the eighth column. 
*Cohee, G. V., Chairman, Committee on Standard 
Stratigraphic Coding, 1967 Standard Stratigraphic 
Code Adopted by AAPG, American Association of 
Petroleum Geologists Bulletin, Vol 51, No. 10, pp. 
2146-2150. 
*Buschbach, , Chairman, AAPG Stratigraphic 
Correlations Committee; Supplemental Instructions 
for Developing Computer Codes for Stratigraphic 
Terms, American Association of Petroleum 
Geologists Bulletin, Vol 58, No. 2, pp. 311-312. 
**Cohee, G. V., U. S. Geological Survey National 
Center, U. S. Geological Survey Computerizes 
Stratigraphic Names according to AAPG Code, 
American Association of Petroleum Geologists 
Bulletin, Vol 58, No. 2, p. 312. 
ORIGINAL CODING PROCEDURE 
In the system recommended, which has been used 
by various data systems and organizations, the 
mnemonic code is derived by eliminating letters of the 
original term until only four remain. The ranking of 
letters in order of elimination follows: 
1. A I 0. T 19. G 
2. E II. N 20. P 
3. I 12. S 21. K 
4. 0 13. R 22. B 
5. U 14. L 23. V 
6. W 15. D 24. X 
7. H 16. C 25. J 
8. Y 17. M 26. Q 
9. Double letters 18. F 27. Z 
(delete one) 
I. Eliminate the rank of the unit, such as group, 
formation, member, and bed. 
2. Eliminate the lithologic description, such as 
sandstone, shale, limestone, etc. 
3. Remove insignificant words, such as "the," 
"on," "a," "an," etc. 
4. Remove qualifYing terms that belong in the 
eighth column, such as upper, middle, lower, first, 
second, third sands, "B" zone, "D" sand, etc. 
5. Replace all non-alpha characters with blanks. 
6. The first letter of each word is not deleted. 
7. Deletion of letters commences from right to left 
in the order given above. 
8. Only one letter of a double letter occurrence 
is deleted. 
9. Deletion is continued until code word is reduced 
to four letters. 
10. Words already smaller than the predetermined 
size carry blank notations to complete the code. 
11. The word is entered on the left in the field 
and any blanks will be on the right side. 
12. Some duplicates may appear and they must be 
distinguished by some central authority if system-wide 
uniqueness is required. 
0000000000 
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EXAMPLES · FORMING FOUR-LETTER ABBREVIATIONS 
PENNSYLVANIAN ST TAMMANY ST JOHN THE BAPTIST STRAT
FORD-ON-AVON 
Remove nonalphabetic 
characters Pennsylvanian St Tammany St John The 
Baptist Stratford on Avon 
Remove short words Pennsylvanian St Tammany St John 
Baptist Stratford Avon 
Delete A Pennsylvnin St Tmmny St John 
Bptist Strtford Avon 
Delete E Pnnsylvnin St Tmmny St John 
Bptist Strtford Avon 
Delete I Pnnsylvnn St Tmmny St John 
Bptst Strtford Avon 
Delete 0 Pnnsylvnn St Tmmny St Jhn Bpts
t Strtfrd Avo 
Delete U Pnnsylvnn St Tmmny St Jim Bptst 
Strfrd Avo 
Delete W Pnnsylvnn St Tmmny St Jhn Bptst 
Strtfrd Avn 
Delete H Pnnsylvnn St Tmmny St Jn Bptst 
Strtfrd Avn 
Delete Y Pnnslvnn St Tmmn St Jn Bptst 
Strtfrd Avn 
Delete Double 
Letters Pnslvnn St Tmn 
Delete T Pnslvnn STMN 
Delete N PSLV 
Delete S 
Delete R 
Delete L 
Delete D 
SUPPLEMENTAL INSTRUCTIONS 
I. For coding purposes. treat as two words all 
names beginning with Me, Mac, 0\ D', De, Van, etc, 
This will allow the first letter of the second part of 
the name to be used in the mnemonic code. 
2. If a name contains an English article or 
preposition (a, an, the, on, etc.), drop the article or 
preposition; however, if the name contains an article or 
preposition in a language other than English (de, Ia, el, 
etc.), retain the article or preposition and treat it as 
a separate word for coding purposes. 
3. The authority for correct spelling of formal 
stratigraphic names should be the national lexicons; for 
example, the USGS Lexicon of Geologic Names 
(Kercher, 1970) should be followed in the United 
States. The authority for correct spelling of informal 
stratigraphic names, such as pay sands and zones, should 
be the state geological surveys or the regulatory agencies. 
4. There should be no abbreviations of stratigraphic 
names used in the development of the mnemonic code 
except where part of the name is commonly abbreviated; 
for example, St. Lawrence or Ste. Genevieve. 
5. Double letters are treated properly in the 
published code, but some questions have been raised. 
Double vowels are treated as vowels. In names with more 
than one set of double letters, removal of one letter 
of each pair begins at the right and proceeds leftward 
without regard to the rank of the letters. 
St Jn Bptst Strtfrd Avo 
S Jn Bps Srfrd Avo 
S J Bps Srfrd Av 
SJBP Srfrd Av 
Sfd Av 
Sfd Av 
SFAV 
6. The chief purpose of Column 8 is to modify 
or define further the stratigraphic unit coded in the four 
preceding columns. Column 8 may consist of one of 
a wide range of numbers, letters, or symbols. The 
following guidelines are provided for the use of that 
column: 
(A) U, M, and L should be reserved exclusively for 
the informal designations of upper, middle, and lower. 
(B) A numeric code should be used for numbered 
subdivisions or zones. 
(C) If two names code to the same numeric and 
same fouruletter mnemonic, the first name having 
priority of establishment should be encoded following 
the rules. The second name should be similarly encoded 
but with an X in the 8th column. 
(D) A rock-stratigraphic unit that is represented in 
more than one series may be so designated by placing 
a Y in Column 8. 
(E) If a unit is not officially named, code according 
to its age and use the 8th column for more specific 
identification; e.g., alluvium, 110 QRNRA; drift, 110 
QRNRD. 
(F) Codes for stratigraphic units named after 
foraminifers should have a mnemonic code derived from 
the generic name with the first letter of the species name 
in the 8th column. 
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U. S. GEOLOGICAL SURVEY CODE 
In February 1967, a Committee on Standard 
Stratigraphic Coding was activated by the American 
Association of Petroleum Geologists. This Committee 
was to determine the amount of detail necessary in a 
nationwide geologic study designed to establish the 
lowest level of stratigraphic division that needed to be 
standardized and to recommend a standard measure of 
abbreviating stratigraphic terminology. A standard 
stratigraphic code was developed by the Committee and 
adopted by AAPG in September 1967. The code was 
published in the October 1967 issue of the AAPG 
Bulletin. Since then, the code has been adopted by many 
organizations. 
The U.S. Geological Survey recently prepared 
computer printouts of the rock-stratigraphic names in 
common usage in published references in the United 
States, using the AAPG standard stratigraphic code. The 
STATE GEOG. 
OR CODED NAME SEQ. 
TERR. AGE CODE NO. 
WY 124 BSPG 07 
WY 211 BXTR 01 
WY 217 BRRV OS 
WY 211 BRPW 03 
WY 347 BRTB 03 
Reading from left to right, th_e first two letters 
represent the state abbreviation according to the 
zip-code national areas of the U.S. Postal Service. Each 
state in which the unit is present is listed on a separate 
line. The next three numbers represent the age of the 
unit by era, system, and series. Eras, systems, and series 
are numbered from the top down. Each age assigned 
to the unit is listed on a separate line. 
Minor extensions from the numeric age coding used 
by the AAPG include: (1) use of I, 4, or 7 in the third 
digit for upper, middle, or lower where era only is 
identified; thus, 301 is upper Paleozoic and (2) use of 
1, 2, 3, or 4 in the second digit of some Precambrian 
units; these numbers correspond to the Z, Y, X, or W 
designations used by the U. S. Geological Survey. Z, 
which is 410, is from base of Cambrian to 800 million 
years; Y, 420, is from 800 million to I ,600 million 
years; X, 430, is from 1,600 million to 2,SOO million 
years; and W, 440, is older than 2,SOO million years. 
The next four letters are derived from the coding 
procedure for rock-stratigraphic names given in the 
article, "Standard Stratigraphic Code Adopted by 
rock-stratigraphic names included in the U.S. Geological 
Survey Lexicons and the names in the Geologic Names 
Committee files were placed on the computer for ready 
reference. Printouts of the rock-stratigraphic names in 
the different states were sent to the respective state 
geologists for review. Additions to the list of names and 
corrections were requested. In addition to printouts by 
states, there are printouts by age and by alphabetic 
arrangement of names. Copies of all three of these 
printouts are available for reference in offices of the 
Geologic Names Committee at the U.S. Geological 
Survey National Center at Reston, Virginia; the Federal 
Center, Denver, Colorado; and the Menio Park Center, 
California. Also, a computer tape of the stratigraphic 
names listed is available for loan at each center to 
universities, geologic surveys, and other scientific 
organizations. 
The following is a sample of the printout: 
GEOGRAPHIC NAME, LITHOLOGY, AND RANK 
BATTLE SPRING, FM (Formation) 
BAXTER, SH (Shale) 
BEAR RIVER, FM (Formation) 
BEARPAW, SH (Shale) 
BEARTOOTH BUTTE, FM (Formation) 
AAPG," Committee on Standard Stratigraphic Coding 
(Cohee, 1967). The four letters are followed by a 
two-digit sequence number which is not a part of the 
AAPG code but which, with the code, identifies each 
entry for future revision, correction, or deletion. For 
example, the Dakota Sandstone, Formation, or Group 
is listed in IS different states, and it has a dual usage 
in some states. The code and sequence number 
immediately identifies the specific usage in the computer 
records. 
The geographic name of the rock-stratigraphic unit 
then is given and most rank or lithology terms are 
abbreviated. A comma separates the geographic name 
from the lithology or rank of the name. The 
nomenclature is up to date as of January 1, 1973; names 
published since the last Lexicon (Keroher, 1970) have 
been indicated by an asterisk. 
When the additions and changes are received from 
state geologists, a corrected printout will be made; it 
will include additional data about the rock-stratigraphic 
units, such as thickness, lithology, and color. 
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APPENDIX C 
EXAMPLE PROBLEM 
so 
EXAMPLE PROBLEM 
SITUATION 
Highway Ky 55, from Cane Valley to Columbia 
in Adair County, is to be upgraded as a feeder highway 
to the Bowling Green-Somerset Parkway south of 
Columbia. 
PROBLEM 
Recall existing soils data that would aid in 
preliminary planning for the design of this highway 
improvement. The longitude of Cane Valley is 85° 19' 
20" and the latitude is 37° 10' 45". The longitude and 
latitude of Columbia are 85° 18' 30" and 37° 06' 10". 
SOLUTION 
Search the Soils Data System for existing soils data. 
The limits of 37° 07' 30" to 37° 30' 00" latitude and 
85° 15' 00" to 85° 22' 30" longitude will be used. 
The File Definition (Page 1 of the File Definition 
is shown in Exhibit A) for the Soils Data System was 
prepared when the file was created. Various forms can 
be used to retrieve data from the system. For this 
problem, the Processing and Record Selection form 
(Exhibit B) was used. 
For this example problem, only the longitude, 
latitude, county number, the range of depth represented 
by the sample, the liquid limit, plasticity index, and the 
soaked California Bearing Ratio will be retrieved. For 
an actual problem~ soil classification by various methods, 
particle-size analysis, densities, and other data could be 
retrieved. The Table Definition form could have been 
used to store the county code number versus the county 
name. When the code number for the county was 
retrieved, the Table Definition could have been searched 
and the county name printed out instead of the county 
number. 
The same Processing and Record Selection form 
developed for this problem can be used for similar 
retrievals in other areas of the state or country by 
changing only the latitude and longitude requirements. 
The format of the report is controlled by the 
Output Specification form (Exhibit C). The column 
headings are prescribed on the original File Definition 
forms. Information and instructions on the MARK IV 
forms can be stored on magnetic tape for recall as 
needed. 
Exhibit D is the report resulting from the 
submission of the above definition, request, and 
specification. 
COMMENTS 
There were data in the file which had been 
generated during the design of the existing road. No 
CBR data are available because the existing data are 
from areas where the roadway is constructed entirely 
on fill material. If desired, depths could have been 
automatically converted from meters to feet by properly 
coding the Processing and Record Selection form. 
There are many other MARK IV forms that may 
be used in combination to store and retrieve data in 
various formats. 
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Exhibit B. Sample Processing and Record Selection Form. 
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Exhibit C. Sample Output Specification Form. 
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"' 
02/10176 SAMPLE RUN 
--------------------
--------------------
--------------------
--------------------
LONGITUDE LATITUDE COUNTY DEPTH OF SAMPLE li QU l D PLASTICITY CBRS 
!ME-TERS I liMIT INDEX 
--------------------
--------------------
--------------------
--------------------
85 17 48.00 37 07 34.00 I 1.5 TO 2.1 67 34 .o 
85 18 04.00 37 08 05.00 1 2.4 To 3.0 63 38 .o 
85 18 15.fl0 37 08 2'>.00 1 1.'> TO 2.1 35 14 .o 
85 18 25.00 37 08 46.00 1 1.5 TO 2. 1 33 12 .o 
8? 18 32.00 37 08 57.00 I 2.4 TO 3.0 87 38 .o 
85 18 48.00 37 09 27.00 1 1.8 TO 2.4 69 37 .o 
85 lq 12.00 37 10 16.00 1 1.9 TO 2.1 50 25 .o 
85 19 27.00 37 10 46.00 I .9 TO 1.5 23 05 .o 
8? 19 38.00 37 11 06.00 1 1.5 TO 2. 1 29 10 .o 
85 19 19.00 37 11 28.00 1 1.5 TO 2. l 65 34 .o 
85 19 55.00 37 11 39.00 1 1.5 TO 2.1 42 21 .o 
85 20 03.00 37 11 55.00 1 .9 TO 1.5 24 05 .o 
85 20 09.00 37 12 04.00 1 1.2 TO 1.8 38 14 .o 
85 18 17;00 37 08 28.00 1 1.5 TO 2 .. 1 36 13 .o 
Exhibit D . Sample Output. 
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GLOSSARY OF FILE MANAGEMENT TERMS 
Character type •· An indication of the type of characters 
or bytes to represent a value (i.e., alphabetic, numeric, 
pure alphabetic, pure numeric, binary, packed numeric, 
etc.). 
Alphabetic ·· A representation which is expressed 
by using only letters and punctuation symbols. 
Alphanumeric -- A representation which is 
expressed using letters, numbers, and punctuation 
symbols. 
Binary - A representation of numbers which is 
expressed using only the numbers 0 and I, e.g., 5 is 
expressed as 101. 
Numeric -- A representation which is expressed 
using only numbers and selected mathematical 
punctuation symbols. 
Packed numeric - A representation of numeric 
values that compresses each character representation in 
such a way that the original value can be recovered, 
e.g., in an eight-bit byte, two numeric characters can 
be represented by two four-bit units. 
Pure alphabetic ·· A representation which is 
expressed using only letters. 
Pure alphanumeric - A representation which is 
expressed using only letters and numbers. 
Pure numeric-- A representation which is expressed 
using only numbers. 
Data element ·· A basic unit of identifiable and definable 
information. A data element occupies the space provided 
by fields in a record or blocks on a form. It has an 
identifying name and value or values for expressing a 
specific fact, e.g., employee name, employee number, 
date of birth, mailing address, color of eyes, height, and 
weight. 
Data element abbreviation - An abbreviated form 
of the data element name. 
Data element definltion ·· A statement of the 
meaning of a data element. 
Data element name ·· A name used to identify a 
data element. 
Data element source - An identification of the 
source or provider of the particular data element, i.e., 
individual, organization, sensor, computation, etc. 
Data element tag (data element code) •. A symbolic 
tag used to identify a data element. 
Data item •· The expression of a particular fact of a 
data element, e.g., "Blue" may be a data item of the 
data element named "Color of eyes". 
Data item abbreviation - An abbreviated form of 
the data item name. 
Data item definltion - A statement of the meaning 
of a data item. 
Data item name ·· A name used to identify a data 
item. 
Dependent code - A code that has segments which are 
dependent upon other segments in order to provide 
unique identification of the coded item. Usually, codes 
having classification significance are dependent codes. 
EBCDIC - Extended Binary Coded Decimal Interchange 
Code. 
Field - In a record, a specific area used for representing 
a particular category of data, e.g., a group of card 
columns used to express a wage rate. 
Field length- A measure of the length (size) of a field, 
usually expressed in units of characters, words, or bytes. 
Field length type ·· An indication of whether the field 
of a record is fixed or variable in length. 
Fixed length field - A field whose length does not 
vary. 
Variable length field - A field whose length varies. 
Usually, the boundaries of this type of field are 
identified by field separators. 
Field separator ·• A character or byte used to identify 
the boundary between fields. 
Flle structure - The manner in which data are organized 
(arrangement and interrelationship) in a file. 
Sequential organlzation ·· The arrangement of 
records in a file according to a specified sequence. 
Random organization ·· The arrangement of records 
in a file based on a predictable relationship between one 
of the elements of the record and the address of the 
location where the record is stored. 
List organization - The arrangement of data in a 
matter that divorces the logical organization from the 
physical organization through the use of pointers. There 
are three basic types of list organizations: simple lists, 
inverted lists, and rings. 
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Filler character-- A specific character or bit combination 
used to fill the remainder of a field after justification. 
Formatted information An arrangement of 
information into discrete units and structures in a 
manner to facilitate its access and processing. Contrasted 
with narrative information that is arranged according to 
rules of grammar. 
General definition - A statement of meaning that can 
be interpreted without regard to a specific situation, 
background, or environment. 
Information interchange -- The transfer of data 
representing information between or among t;vo or more 
points (devices, locations, organizations, or persons) of 
the same or different (dissimilar) information system or 
systems. 
Justification -- To adjust the value representation in a 
field to either the right or left boundary (margin). 
Left justify - Adjustment of a value representation 
to the left boundary (high order) of a field. 
Right justify Adjustment of a value 
representation to the right boundary (low order) of a 
field. 
Numeric value a- The expression of a data item which 
denotes a measurement, count, or mathematical 
concept, usually represented by numerals and a limited 
number of special characters (i.e., plus(+), minus(-), 
decimal point (.), comma (,), asterisk (*), and slant(/)). 
Padding - A technique used to fill a field, record, or 
block with dummy data (usually zeros or spaces). 
Primary data element -- A data element or elements that 
is(are) the subject of a record. Usually the other 
elements, called attribute data elements, qualify or 
quantify the primary data element (e.g., in a personnel 
field, the element(s) that is(are) used to identify the 
individual are primary; other elements such as "Date of 
Birth" and "Mailing Address" are attribute data 
elements). 
Record -· A collection of related elements of data 
treated as a unit. 
Record index - An ordered reference list of the contents 
of a record together with keys or reference notations 
for identifying and locating the contents. 
Record layout -- A description of the arrangement and 
structure of information in a record, including the 
sequence and size of each identified component. 
Record length -- A measure of the length (size) of a 
record, usually expressed in units of characters, words, 
or bytes. 
Record length type -- An indication of whether the 
records of a file are fixed or variable in length. 
Fixed length record - Pertaining to a file in which 
the records are uniform in length. 
Variable length record - Pertaining to a file in 
which the records are not uniform in length. 
Rounding (Roundoff) -- To delete the least significant 
digit or digits of a numeral and to adjust the part 
retained in accordance with some rule. 
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